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_Introduction 

Hoffman and Gortner (1927) have recently reported experiments 
dealing with the properties of certain protein fractions isolated from 
wheat flour. It was noted that the yields of the albumin and globulin 
fractions were not identical when a 5 per cent K,SO, solution was used - 
to replace the classical 10 per cent NaCl solution. This observation 
raised the question as to the nature of the process involved in the ex- 
traction of the “salt-soluble” proteins and as to the extent that such 
“solubility” would be affected by various anions or cations. 

The physiological and biochemical committees on protein nomen- 
clature (1908) define globulins as “simple proteins insoluble in pure 
water but soluble in neutral solutions of salts of strong bases with 
strong acids. (The precipitation limits with ammonium sulfates 
should not be made a basis for distinguishing the albumins from the 
globulins).” It will be noted that this definition is indefinite, in that no 
statement is made as to the concentration of the salt solution. This has 
been remedied in most textbooks where the definition is usually worded, 
“Simple proteins, heat-coagulable, insoluble in water but soluble in dilute 
solutions of salts of strong bases with strong acids.” Even here there 
may well be a difference of opinion as to the concentration of a “dilute” 
solution, and one would gather from the definition that all salts of 
strong acids with strong bases would be equally suitable for extracting 
globulins. Apparently no one has raised the questions of what salts and 
what concentrations, nor are the necessary experimental data available 
to enable one to decide these questions. 


1 Published with the approval of the Director as Paper No. 755, Journal Series, 
Minnesota Agricultural Experiment Station. 
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In addition to these considerations the modern viewpoint of colloid 
chemistry has altered our views in regard to “solubility” and differ- 
entiates sharply between true solutions and peptization. Undoubtedly 
most of the so-called protein “solutions” are in reality colloidal sols, 
and accordingly their formation can be most easily interpreted if we 
bear in mind the phenomena that are characteristic of peptization. 

With the above in mind, a series of experiments was undertaken in 
order to ascertain what relationships existed between the nature of the 
salt, the concentration of the salt solution, and the proportion of pro- 
tein that could be extracted from a series of wheat flours. The results 
were so unexpected that it is deemed worth while to report them in 
detail. 

Experimental 

The Material—Twelve samples of wheat flour, differing widely 
in origin and in physical and chemical properties, were selected from 
the lot used in experiments by Grewe and Bailey (1927a, 1927b).’ As 
the physical and chemical characteristics of these flours have already 
been reported in detail, they will not be repeated here. The reader 
is referred to the papers by Grewe and Bailey for all data except the 
percentage of crude protein in the flours and the loaf volumes. These 
data, taken from the above papers, are shown in Table I. 


TABLE I 
PROTEIN CONTENT (Dry Basis) AND LOAF VOLUME OF THE FLOURS USED* 
Lab. No. Crude protein Loaf volume 
% 
i 9.73 1810 
2 13.99 1990 
3 13.07 2180 
a 12.53 2130 
5 14.29 2170 
6 12.34 2140 
7 10.61 1990 
8 10.63 1970 
13 10.09 2020 
14 12.76 2150 
15 12.49 2200 
17 13.64 1940 


*Data of Grewe and Bailey (1927). 

The salts used were all of “analytical” purity and were purchased 
in original containers. The majority of the salts were used in four 
concentrations. Three of these concentrations—O.5 N, 1.0 N, and 
2.0 N—were selected to represent more or less similar ionic concentra- 
tions of the various salts. It is obvious that a 5% solution of NaCl 
and a 5% solution of KCl do not represent equivalent ionic strengths, 
and there is no justification other than tradition for the comparative use 
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of such concentrations. On the other hand, we have employed certain 
of the salts in 5% or 10% concentrations so we may have data that 
are comparable with other data already in the literature. 

The Method.—Six grams of wheat flour was suspended in 50 cc. 
of a salt solution of known concentration and the suspension shaken 
for 30 minutes in a mechanical shaker. The flour residue was then 
tightly packed in the bottom of the tube by whirling in an electric cen- 
trifuge, centrifuging being continued until the supernatant liquid was 
clear. The supernatant liquid was then carefully decanted into a 
Kjeldahl flask and a second extraction of the flour residue was carried 
out by adding a fresh 50-cc. portion of the salt solution, shaking for 30 
minutes, centrifuging, and decanting into the same Kjeldahl flask. A 
third extraction was similarly made. The protein, dissolved by the 
three successive salt extractions, was then determined on the combined 
extracts by the usual Kjeldahl-Gunning procedure. -Nitrogen and 
moisture were determined on the flour samples and the salt extraction 
data calculated on the moisture-free basis as per cent of total protein 
dissolved (i. e., peptized) by the salt solution. Duplicate extractions 
were made in all instances, and if the usual limit of error for a Kjeldahl 
determination was exceeded in the percentage of nitrogen extracted, the 
extractions were repeated on additional — until satisfactory 
analytical agreement was obtained. _ 

Experimental Data.—The experimental eas expressed in per- 
centage of total protein extracted from wheat flours by the differ- 
ent salts in the various concentrations are shown in Tables II to V. 
Table VI shows the average percentage of protein extracted from the 
12 wheat flours by the salts in their various concentrations. 
These data are reproduced graphically in Figure 1. Tables VII to X 
show the percentage of non-gluten protein extracted by the different 
salts in their various concentrations. Tables VII to X are based on 
the assumptions that the gliadin and glutenin are chemical entities, that 
together they constitute the gluten proteins, and that the values for 
gliadin and glutenin reported by Grewe and Bailey (1927) represent 
the true content of gliadin and glutenin in the flours examined. Ac- 
cordingly the portion of the protein that is neither gliadin nor glutenin 
represents the non-gluten protein. 


Discussion 


It is obvious from an inspection of the preceding tables that there 
is a great variability in the amount of protein that can be extracted 
from a given wheat flour by various salt solutions of equivalent ionic 
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concentration. The series of KF, KCl, KBr, KI, is perhaps the most 
striking example. In this series the 1.0 N concentrations extracted av- 
erage amounts of protein, ranging from 13.07 to 63.89, or percentages 
of the non-gluten protein ranging from 69.2 to 340.2. 
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Fig. 1. Average Percentage of Protein Extracted from 12 Wheat Flours by Various 
Concentrations of Salt Solutions 
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_ Equally striking is the variability of the individual flours toward 
a single salt solution. Thus, with 1.0 N KF the range of non-gluten 
protein extracted from the various flours varies from 51% to 95%, with 
KCl from 84% to 160%, with KBr from 150% to 256%, and with 
KI from 266% to 391%. There is approximately 100% difference in 
the extreme ranges within the various flours for any given salt solution. 

Certain of these data have already been discussed at length in re- 
gard to the colloidal problems which are involved (Gortner, Hoffman, 
and Sinclair, 1928, 1928a). In these papers the following conchusions® 
were drawn: | 

1. There is a pronounced lyotropic or Hofmeister series of anions 
arranging themmselves in the order of increasing peptizing effect of 
F < SO, < < tartarate < Br 

2. There is a less pronounced, but still distinct, lyotropic series 
of cations, in order of increasing peptization of Na< K < Li< 
Ba < Sr < Mg < Ca. 

3. Hydrogen-ion concentration differences do not account for 
these lyotropic series. The lyotropic effects are due to the properties of 
the anion and cation of the salt and are observable and measurable even 
at constant H-ion concentration. 


4. The alkali halides all cause decreasing peptization with in- 
creased salt concentration. 

5. The halides of the alkaline earths, as a vel cause increased 
peptization with increasing salt concentration. This is particularly 
noticeable for MgCl,, MgBr,, SrCl,, and CaBr, solutions. 

6. Our data show that protein “solubility” in neutral salt solu- 
tions is, in reality, protein peptization, and as such it is governed as to 
rate and extent by the nature of the particular anions or cations present 
in the salt solution. 

7. Globulins are defined as “proteins soluble in dilute solutions 
of salts of strong acids with strong bases,” hence we wish to raise the 
questions, what salts, what dilutions, and lastly, what ts a globulin? 

8. Our data show that N/1 solutions of KF extract an average 
of 13%, KCl 23%, KBr 37%, and KI 64% of protein from wheat 
flours. Which salt extracts the globulins? We do not believe that any 
salt used, in any one of the concentrations, extracts a chemical entity 
which should be designated by the term “globulin.” 


2It would be a needless duplication to reproduce here the argument from which these 
ee The reader is referred to the cited papers for the development of 
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9. “Peptization” by neutral salt solutions is not “hydrolysis,” for 
there is no increase in free amino or carboxyl groups. 

10. It is pointed out that the colloid chemical viewpoint still af- 
fords the most satisfactory explanation for many of the properties of 
protein systems. 

In addition to these ‘conclusions there are certain observations 
which should interest primarily the cereal chemist. If Conclusion 8 is 
valid, then the question arises as to what value the cereal chemist can 
place upon the “salt-soluble protein” fraction. The cereal chemist 
rather generally uses 5% K,SO, solutions to extract this fraction. An 
inspection of Table VII shows that this concentration of K,SO, with 
the various flours examined gives a range of from 70% to 123% of the 
non-gluten protein, that is, in Flour No. 15 only 70% of the “albumins 
and globulins” was dissolved by the potassium sulfate solution, whereas 
in Flour No. 1 an appreciable amount of the gluten proteins was pep- 
tized. Somewhat similar effects are shown by 10% NaCl, the extreme | 
ranges being from 78% to 138% of the non-gluten proteins. | 

The average values for 10% NaCl, 10% KCl, 5% Na,SO,, and 
5% K,SO,; for 0.5 N and 10 N Na,SO,, K,SO,; and for 2.0 N 
NaCl, KCl, K,SO,, and Na,SO, approximate the true values for the 
non-gluten proteins. However, the individual variability of the flours 
makes it evident that the nitrogen extracted by a salt solution from any 
particular flour does not necessarily indicate the proportion of non- 
gluten proteins present im that flour.® 

If the foregoing statement be true, then it must be evident from | 
_ the data presented that the gluten protems present in wheat flour show 
a pronounced variability in the ease with which they are peptized by salt 
solutions. The gluten proteins of flour No. 1 show, with but few 
- exceptions, the greatest ease of peptization, whereas the gluten proteins 
of flour No. 15 show, in general, the least peptization, altho there are 
a few striking exceptions. These exceptions are sufficiently numerous 
to indicate that there is an inherent difference between the behavior of 
the proteins of any particular sample of flour and of the proteins of 
another sample and that these differences are sufficiently pronounced to 
be easily recognizable in the effect of different salt solutions on ease of — 
peptization. It is doubtful if these differences are attributable to con- 
stitutional differences in the proteins. In all probability they are the 
result of differences in the colloidal properties, such as have been 
demonstrated to occur in different flours. Gortner and Doherty (1918), 
Sharp and Gortner (1922), and Gortner and Sharp (1923) have shown 


* Assuming that gliadin and glutenin can be determined with a fair sours of neverney 
and that they constitute the gluten proteins. 
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that the gluten proteins of certain flours are more readily peptized by 
acids and bases than those of other flours. Accordingly it appears logi- 
cal that similar differences in colloidal behavior should accompany 
_ treatment with neutral salt solutions. Altho we have demonstrated 
that such differences do occur, we are as yet unable to offer any ex- 
planation as to the reasons underlying their occurrence. As suggested 
by Gortner and Doherty (1918), these differences probably have their 
origin in the environmental factors under which the wheat was grown, 
and to this suggestion we wish to add that in all probability the maturity 
of the. wheat at the time of harvest and the environmental conditions 
surrounding the wheat and grain subsequent to harvest may well play 
a role. | 
Summary 3 

Twelve wheat flours, differing widely in type and geographical 
origin, have been extracted with a series of inorganic salt solutions of 
varying concentrations in order to study the variability in degree of 
peptization which exists (a) between the various salt solutions and the — 
proteins of any one flour, and (b) between any particular salt solution 
and the proteins of a series of flours. 

The following conclusions are drawn: 

1. There is great variability in the amount of protein that can be 
extracted from a given wheat flour by various salt solutions of equiv- 
alent ionic concentration. | 

2. There is an equally striking variability of the proteins of indi- 
vidual flours toward a single salt solution. The amount of protein pep- 
tized by a single salt solution will vary 100 per cent in the extreme 
ranges for the various flours studied. 

-3. These differences are not dependent upon the H-ion con- 
centration but are determined by (1) the ease of peptization of the pro- 
teins in a particular flour and (2) the specific properties of the partic- 
ular anions and cations present in the salt solution used. 

4. The salt-soluble protein fraction does not represent a mix- 
ture of albumin and globulin, nor does it represent the non-gluten 
proteins. Some salts extract only a part of the non-gluten proteins, 
whereas others extract very appreciable amounts of the gluten pro- 
teins. Thus, 1.0 N KF extracts an average of 69% of the non-gluten 
proteins, whereas an equivalent concentration of KI extracts 340%. 

5. The peptization of the wheat flour proteins by inorganic salt 
solutions reveals the same sort of differences as does peptization with 
acid or alkaline solutions. It is believed that these differences are as- 
sociated with the colloidal properties of the wheat flour proteins which 
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in turn are dependent upon heritable differences of the wheat varieties 
and upon environmental conditions under which the wheat was grown 


or that are involved in the subsequent harvesting and storage of the 

grain. | 
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TABLE III 


PERCENTAGE OF TOTAL PROTEIN EXTRACTED FROM WHEAT FLours By 0.5 NorRMAL SALT SOLUTIONS 


Flour No. 
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TABLE IV 


PERCENTAGE OF TOTAL PROTEIN EXTRACTED FROM WHEAT FLOourRS BY 1.0 NORMAL SALT SOLUTIONS 
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PERCENTAGE OF TOTAL PROTEIN EXTRACTED FROM WHEAT FLours BY 2.0 NorMAL SALT SOLUTIONS 
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Introduction and Review of Earlier Work 

It is widely believed in the milling trade that the more highly 
buffered a fiour is the longer fermentation will it stand before 
the dough becomes properly ripe and fit for baking. Moreover, it 
has been said that a highly buffered flour not only takes longer to 
ripen in the dough stage but will remain ripe for a longer period © 
before deterioration sets in. = 

These conclusions are possibly based on the well-known facts 
that a bakers’ grade or clear flour is more resistant to fermenta- 
tion and will withstand more drastic treatment in the bakehouse 
than the corresponding patent flour, and is at the same time more 
highly buffered. (It does not follow that a bakers’ grade of one 
flour is necessarily stronger than a patent of any other flour; the 
conclusion applies only to the higher and lower divides of one and 
the same flour. A baker’s grade all-English, for example, wil! not 
stand so long a fermentation as a patent Manitoba, although it 
may be more highly buffered.) These two characters vary to- 
gether and, in consequence, a causal connection between them has 
been inferred. The experimental evidence for this conclusion is 
slender. The inference might be sound if these two variables were 
the only two differentiating bakers’ grades from patents. Many 
other, possibly more important, variables are known to occur. 
Bakers’ grades contain a larger proportion of flour from the outer 
layers of the endosperm than do patents; they therefore contain 
more ash, including phosphates (hence the increased buffer value), 
and more protein. Moreover, the gluten of bakers’ grades is not 
only greater in amount but often different in quality; with the 
increased extraction, for example, some of the protein from the 
» aleurone layer (which is sometimes regarded as the outer layer 
of the endosperm, and again as the inner layer of the six-fold skin 
of the wheat berry) may pass into the flour and this protein is 
not necessarily the same in quality or in chemical character as the 
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gluten of the rest of the endosperm. It is entirely possible that 
the increased strength and the increased buffer value may be con- 
sequences of the circumstances of production of the flour without 
there being any direct causal relation between the two. The prob- 
lem is of fundamental importance and has not so far been ade- 
quately investigated. 

The most important worker in this field has been Jessen- 
Hansen (1911) who, working in the Carlsberg laboratories, at- 
tempted to show that there was a particular Ht-ion concentration, 
or pH value, at which every flour made its best and largest loaf. 
Speaking very roughly, this pH varied somewhat from flour to flour 
and appeared to depend also to some extent on the nature of the 
acid that was added to the flour in order to alter the pH. Jessen- 
Hansen’s conclusions are summarized in Table I. 


TABLE I 
SUMMARY OF JESSEN-HANSEN’S RESULTS 
Original H+—ion concentra- H+-ion concentration at which 
tion of flour . best loaf was made Acid used 
pH pH 
A - 70% flours 
6.40 4.70 HCl 
6.35 4.90 HCl 
6.30 HCl 
6.20 5.50 HC! 
6.45 5.80 HCl 
6.46 5.85 HCl 
B - 30-50% patent 
6.10 4.44 HCI 
6.25 4.60 . HCl 
6.10 4.65 ‘ HCl 
4.75 
6.10 4.85 HCl 
5.90 4.75 H;PO, 
6.10 4.85 HCl 
6.05 5.05 lactic 
5.20 HsPO, 
C - 30-50% bottom 
6.20 4.55 lactic 
4.95 HCl 
5.20 H;PO, 
6.10 4.85 acetic 
6.35 5.05 HCl 


Altogether Jessen-Hansen carried out twenty series of deter- 
minations on fifteen different flours, including patents, straight 
run, and low grade. The acid used for changing the pH of the 
flour was generally hydrochloric acid, although some experiments 
were carried out with lactic, acetic, and phosphoric acids. The 
H+-ion concentration at which the largest and most satisfactory 
loaf was produced varied with different flours from pH — 5.85 to 
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4.44, the latter representing a Ht-ion concentration almost exact- 
ly 25 times the former. Jessen-Hansen concluded from these experi- 
ments that the optimum Ht+-ion concentration, i. e., the pH at which 
the production of bread will be most successful, is approximately 
the same for all flours, being a little less than 5 for patent flours 
and a little greater for medium and low grade. There has been 
an unfortunate tendency among cereal workers to accept these 
conclusions of Jessen-Hansen somewhat uncritically as well-estab- 
lished scientific fact, rather than as purely provisional conclusions 
based on experiments with a large margin of error; the statement 
that pH 5 is the best Ht-ion concentration for bread making 
has found its way into the literature as a presumed fact and very | 
little experimental work has been done on the subject since 1911. 


Cohn and Henderson (1918) go so far as to say “the acidity 
of the dough at the time of baking seems to be the most impor- 
tant variable factor in bread making. Whilst ‘proving’ proceeds 
acids are formed which are helpful in making good bread.” In 
view of the work described below neither of these statements can 
be regarded as well established on a sound experimental basis. 

The work of Dunlap (1926), which appeared to support the 
conclusions of Jessen-Hansen, is vitiated by the fact that this 
worker altered the H+t-ion concentration of his flours by means 
of Beta Chlora, which is a mixture of approximately 99.5% 
chlorine and 0.5% nitrosyl chloride. This gas is well known 
to and widely used by English millers as a flour improver, espe- 
cially for low-grade flours. It is one of the most effective chemi- 
cal flour improvers in common use in England, but there is no 
evidence to show that the improvement brought about by chlorine 
is in any way connected with the accompanying alteration in Ht-ion 
concentration of the flour. On the contrary there is some evidence 
against this explanation: Very similar and certainly not less im- 
provement may be brought about by Agene, the active principle of 
which is nitrogen trichloride, and in this case no detectable alteration 
in flour or dough Ht-ion concentration occurs. Moreover an 
_ equivalent amount of hydrochloric acid does not have an improving 
action. The work of Dunlap would have been less open to criticism 
if other acid substances such as hydrochloric or sulphuric acid, not 
known to have improving qualities, had been employed. 

_ It may be well to point out that Jessen-Hansen was much less 
definite in his statements than many more recent workers, and 
concludes his paper as follows: “These experiments, which I have 


Sanceny, 1000 FISHER AND HALTON | 21 


just described, constitute fundamentally only one part of a more 
extended piece of work, of which the goal-is to determine the 
correlation existing between the chemical composition of a flour 
and its baking value. However, as this work is still far from fin- 
ished and as, nevertheless, the experiments described above ap- 
pear to me to result in conclusions of some interest, I believe that 
there should be no longer a delay in their publication, although I 
know better than anyone that up to this point the experiments 
present a purely provisional character.” 

Not all workers, however, have accepted Jensin-Stideen! S pro- 
visional conclusion as well ascertained fact. Bailey states (1925, 
p. 282) “While Jessen-Hansen’s contention that the best bread 
resulted when dough acquired a Ht-ion concentration eqtivalent 
to pH =5.0 + may be acceptable, it appears probable that if this 
is a fact, it is because the increased acidity accelerates the activity 
of the enzymes of the dough, and particularly of diastase and 
zymase. There ts as yet no tangible evidence to prove that acidulation 
of the dough improves tts physical properties in a direction that makes 
for better bread.” (The italics are ours.) And again (Bailey, 1925, 
pp. 192-193) “that the observed progressive increase in hydrogen-ion 
concentration is the only factor responsible for the improvement in the 
baking strength of flour on aging appears to the author to be im- 
probable. If acidity were the cause of improvement it would in- 
deed be fortunate, since in that event all the advantages of natural 
aging, with perhaps the exception of bleaching, could be achieved 
by a regulated addition of hydrogen ions. Extended efforts to ac- 
complish this effect by means of graduated additions of various 
acids have failed to yield the results of natural aging. Other 
changes seem to be in progress in stored flour, which, however, have 
thus far eluded detection and measurement.” 

Jessen-Hansen’s technique was good for the time at which he 
worked (1910-11), but a large margin of error must inevitably oc- 
cur in experiments the results of which depend on the making of a 
loaf. In each experiment four loaves were made from each batch 
ef dough, and each experiment was repeated three or more times 


on different days; each figure for loaf volume given in Jessen- _ 


Hansen’s tables is consequently the mean for at least twelve loaves. 
This procedure would decrease the error considerably, but he does 
not record what differences were observed between the individual 
loaves of a batch. The mean loaf voiume of each replicate batch 
of four loaves varied, in the few data recorded in the paper, by 
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as much as 10%; the variation between individual loaves would 
be expected to be considerably greater than this. In view of such 
sources of error one is not justified in accepting Jessen-Hansen’s 
results in any other way than that in which the author expected 
them to be accepted, viz., as purely preliminary and provisional. The 
problem, however, is of such fundamental importance that it is 
surprising that after sixteen years the work still awaits confirma-— 
tion. 

In addition to the source of error discussed above, a further 
serious criticism can be brought against the work, although so far 
it appears to have escaped notice. A single invariable fermentation 
period was employed throughout the investigation except for the 
last, or proof period, which was varied with the different types of 
flours. The influence of Ht-ion concentration (or of any other 
factor) on loaf quality cannot be adequately investigated by em- 
ploying a fixed fermentation time. The effect of acidity on loaf 
quality may be indirect and complex to a greater degree than it is 
direct and simple. Length of fermentation is one of the most im- 
portant factors affecting loaf quality, and this, too, may be affected 
by Ht-ion concentration ; the length of fermentation that may yield the 
best loaf at one H*-ion concentration may be longer or shorter than 
that which will yield the best loaf at another. The most suitable Ht-ion 
concentration should therefore be considered the most suitable only 
when the fermentation period is also the most suitable; otherwise no 
strict comparison can be made. This is an important generalization, the 
fundamental character and truth of which will be more fully illus- 
trated by the experimental work described below. It is entirely 
possible that, had Jessen-Hansen varied his fermentation times 
so as to ensure that each loaf was made at the correct time for 
maximum quality, his generalization regarding the optimum | 
H*-ion concentration for bread making might have been cupteaset 
very differently. 


Experimental Results 
In view of the large amount of experimental work that is be- 


ing carried out in the writers’ laboratories in connection with prob- 
lems of panary fermentation, it has been considered desirable in 
the first instance to repeat Jessen-Hansen’s work under more rig- 
idly controlled conditions, and to study one or two flours inten- 
sively before extending the observations to a larger number of 
flours. 
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_ Two flours were chosen for investigation: 
(A) A fine patent flour well known to most English bakers, 
and 
(B) A straight run (72% extraction) imported Canadian 
- flour, manufactured from a blend of graded Manitoba 
wheats, probably a mixture of No. 1 and No. 3 Manitoba. 
A, as a fine patent, is likely to be more sensitive to outside 
influences, such as added acids or prolonged fermentation, than 
flours of longer extraction. B, being of longer extraction than A, 
would not be unduly sensitive but should, on the contrary, stand 
more drastic treatment than A. 
The analytical results and gas production figures for these 
two flours are given in Tables II and III. 


TABLE II 
ANALYTICAL RESULTS FOR FLOouRS A AND B 
. per cent per cent 
Moisture 15.56 14.91 
Ash 3 0.36 0.48 
Total nitrogen (N) 1.71 2.06 
Soluble extract §.22 §.33 
Soluble nitrogen 0.424 0.236 
Soluble phosphate (P20Oz,) 3 0.040 0.085 
- Total phosphate (P,Os3) 0.157 0.208 
Total acidity 0.43 0.33 
Crude protein or gluten (N x 5.7) 9.75 11.74 
pH (of flour suspension)* — §.71 6.16 
Buffer value (of flour suspension)* 0.66 0.64 


*The H*+-ion concentration and buffer values were determined on decantates obtained 
from the suspensions of flour in water and not on the filtered aqueous extracts. The 
H+-ion concentration is not seriously affected by this change of procedure; the buffer value, 
however, is quite different from that of the filtered extract because the lactic acid is added 
to the suspension and not to the extract. The point of interest, after all, is the buffer 
value of the flour-water mixture, or the dough. 


The patent flour will be discussed first. | 

Nineteen pounds of flour was made into a dough with 6 ounces 
(= 2% of the weight of flour) of yeast, 334 ounces (= 14% 
of the weight of flour) of salt, and sufficient water. The tempera- 
ture of the thoroughly kneaded dough was 80°F., and this tempera- 
ture was maintained throughout the whole fermentation period. 
The dough was placed in a proving cabinet (maintained at 80°F.) 
for fermentation to proceed. The first dough was scaled off after 
1 hour, was allowed to prove for 35 to 40 minutes, and was placed 
in the oven exactly 134 hours after the dough was mixed. A fur- 
ther scaling and baking was carried out at %-hour intervals up to 
11 hours. Two-pound tinned loaves were made in all cases. 
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TABLE III 


| Gas PRODUCTION OF FLOouRS A AND B | 
(50 gm. flour, 1 gm. (= 2%) yeast, 0.625 gm. (= 14%) aie 30 cc. (=67.2 qt. per sack) water, tem- 


perature 
% flour run flour 
Time No acid +6 oz. tartaric No acid _ +6 oz. tartaric 
added acid per sack added acid per sack 

cc. cc. ce. cc. 
ist hour 40 32 29 43 
2nd hour 77 98 81 78 
3rd hour 95 110 99 93 
4th hour 101 103 94 127 
Sth hour - 84 77 — 103 114 
6th hour 55 47 86 92 
7th hour 36 33 74 $7 
8th hour 24 28 60 33 
Total gas in 24 hours 770 783 942 933 


At the same time another dough was made up similar in all 
respects to the first, except that tartaric acid, 6 ounces per sack of 
flour, was dissolved in the liquor. This dough behaved similarly 
to the untreated dough at all stages of fermentation, but remained con- 
sistently tougher with slightly better stability. Doughs were scaled off 
and baked at 34-hour intervals as with the former dough; corresponding 
loaves of the two series, i.e., one loaf with tartaric acid and one loaf 
without, were baked together. Both pH and buffer values were de- 
termined electrometrically, by means of the quinhydrone electrode, on 
the doughs at scaling time and (next day) on the loaves. These deter- 
minations were made, not on the filtered aqueous extracts, but on the 
decantates obtained from suspensions of dough or loaf crumb in water. 
The results are given in Table IV and Figure 1. Every dough was ex- 
amined at scaling and proving and all loaf characters were noted and 
recorded. No attempt was made to classify the loaves according to a 
system of “‘bakers’ marks” or other supposed quantitative system. Such 
systems are used by many workers, especially in America; their ap- 
plication is, however, difficult, much experience of loaf judging is re- 
quired and the final mark generally conveys very little information to 
anyone except the individual worker using the system. Moreover, its 
supposed quantitative character is not really quantitative, as it depends 
ultimately on personal judgments of color, texture, etc., and consequent- 
ly tends to afford a false sense of accuracy. Our own object was to pick 
out the best loaf of each series and to compare it with the best of the 
other series. Thus no attempt was made to measure loaf volume; by 
cutting the loaves transversely and symmetrically through the centers 
and placing halves of different loaves together it is easy to arrange the 
loaves in order of size. As the fermentation time increased, loaf volume 
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first increased to a maximum and then decreased. With the two series 
under review, the biggest loaf was also the best in all characters. In the 
series containing no added tartaric acid, the best and largest loaf was 
‘thrown’ at 3144 hours; the two loaves produced at 214 and 4 hours, 
respectively, were not unlike each other, although the one was slightly 
under- and the other slightly over-fermented; but both were inferior to 
the 3% hour loaf. In the series containing 6 ounces of tartaric acid 
per sack, the best loaf was the one produced at 214 hours fermentation. 
The two series resembled each other remarkably closely, and it was 
distinctly difficult to distinguish the best loaf of one series from the 
best of the other, in spite of the fact that one loaf had a pH of 5.75 and 
a buffer value of 0.90, and the “acid” loaf had a pH of 4.93 and a 
buffer value of 0.52. The only considerable difference between the two 
loaves was in flavor (taste): the “acid” loaf had a more pronounced 
flavor than the “blank.” We ourselves found the flavor distinct) 
pleasing, but it is possibly too definite to be generally popular. 


TABLE IV 


Errects of InitiAL H*-Ion CONCENTRATION AND LENGTH OF FERMENTATION ON THE FINAL H#-IoNn 
CONCENTRATION AND BUFFER VALUE OF PATENT FLOUR DouGHS AND LOAVES, First SERIES 


No tartaric acid added 6 oz. per sack of added tartaric acid 
Time from H*-ion concentration as Buffer _ H+t-ion concentration as Buffer 
making pH a pH value 
doughs of dough of loaf of loaf of dough of loaf of loaf 
hr. 
1% 5.57 .81 0.90 4.87 4.99 0.59 
2% 5.46 5.78 .93 4.90 4.93 .52 
3% §.52 5.75 .90 4.88 §.15; 5.07 71 
5.46 $5.70 4.87 4.90 .50 
4% 5.50 5.65 . 86 4.95 4.93; 4.95 .53 
5% 5.41 5.62; §.44 .88 4.87 4.92; 4.85 . 54 
6% 5.38 5.58 85 4.99 4.89 .50 
7% 5.29 5.58; 5.46 .92 4.79 4.86 
8% 5.29 5.56 .85 4.85 4.89 60 
9% 5.28 [a 4.95 4.98; 4.99 
10 5.30 5.50 .95 4.85 4.87 . 57 


An examination of Table IV and Figure 1 shows that, while in 
each series the pH of dough and loaf showed a general tendency to 
fall (i. e., the H*+-ion concentration increased) as fermentation pro- 
ceeded, considerable irregularity occurred, especially in the acid series. 
Also, of the few duplicate determinations carried out, some showed 
good agreement and some did not. These irregularities were attributed 
(a) to insufficient mixing of the ingredients during the kneading of 
the dough, (b) to the small size of the dough and loaf samples taken 
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Fig. 1. Patent Flour 


for the pH determinations. The whole acid series was therefore re- 
peated with the following modifications in technique. Instead of one 
twelve-loaf batch of dough being made at one time, four three-loaf 
batches were made with thorough mixing. These were then incor- 
porated into one batch which was given a final and very thorough 
kneading. At each scaling time four small portions were taken from 
the interior of the dough and pH determinations carried out on them. 
In spite of the very thorough kneading it was found impossible to ob- 
tain concordant replicate pH readings on small portions of dough (see 
Table V.) Evidently thorough mixing from a baking point of view is 
something quite different from complete and uniform incorporation 
from a scientific point of view. On account of the nature of dough it 
appears to be impossible (unless the operation is carried on to such an 
extent that, for baking purposes, the dough is ruined) by any system 
_ of hand-kneading or perhaps of machine-kneading to make a dough as 
uniform in its composition as, say, an aqueous solution of mixed salts. 
It is possible to get excellent agreement in replicate determinations of 
the pH of flour; it is not possible to rely on getting good agreement in 
replicate determinations on dough, and it is impracticable to use very 
large samples. The difficulty was overcome in the case of the loaves 
by scooping out 100 grams of the crumb from one half-loaf for the 
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determination of the pH value. This crumb was thoroughly mixed 
with 350 cc. distilled water and the pH determined on the supernatant 
liquid after standing and settling for half an hour. One hundred 
grams of the crumb of the second half of the loaf was mixed with 
100 cc. N/ 100 lactic acid and 250 cc. water and the pH of the super- 
- natant liquid was determined after half an hour; the difference of 
_ the two pH values was regarded as the buffer value, and this would be 
numerically smaller the greater the buffering effect. The results of 
this series are given in Table V, and, together with those of the former 
“blank” series, in Figure 2 and the dotted curve of Figure 4. 
TABLE V 
VARIATIONS IN H*t-ION 4ND BUFFER VALUES DURING FERMENTATION OF PATENT FLOUR DouGH 


Second Series, Containing 6 oz. Tartaric Acid per Sack 


Time from Buffer values 
making dough PH of dough pH of loaf of loaf 

hr. 
0 4.90, 5.00, 4.97, 4.94 ey: 
1 4.92, 4.85, 4.80, 4.84 
134 4.91, 4.89, 4.95, 4.92 5.06 0.61 
2% - 5.04 .61 

4.89, 4.89, 4.87, 4.89 .61 
4 4.87, 4.88, 4.86, 5.02 5.00 .6O0 
4% 4.78, 4.96, 4.91, 4.83 4.98 .59 
6% 4.82, 4.79, 4.72, 4.72 4.95 .58 
7 4.81, 4.78, 5.01, 4.79 4.93 . 56 
7% 4.95, 4.77, 4.79, 4.74 4.91 .54 
8 4.74, 4.72, 4.73, 4.77 4.89 .53 
9% - - - 4.90 0.53 


In the untreated series the H*-ion concentration of the loaf in ~ 
terms of pH changed from 5.75 (at 334 hours fermentation) to 5.50 (at 
10 hours fermentation) ; this difference of only 0.25 in pH is sur- 
prisingly small in view of the character of the loaf produced by 10 
hours fermentation. This loaf was small, the crumb was dark, harsh, 
tough, and contained large holes. It possessed a strong sour smell. 
Very evidently the sourness produced by long fermentation may be due © 
to acid production but cannot possibly be due to production of H*-ions. 
This conclusion is amply confirmed by the fact that by adding suffi- 
cient acid to the dough at the start to change the pH, not by 0.25 but 
by 0.82, no effect at all (other than one of flavor) was produced on 
loaf quality, while surprisingly little effect was produced on dough 
character ; the dough was somewhat tougher and became ripe and pro- 
duced the best loaf 34 hour earlier than that of the untreated flour. 

The data given in Tables IV and V and shown graphically in 
Figure 2 are of great interest and will repay careful study. In every 
case the H+-ion concentration of the loaf was greater than that of the 
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corresponding dough in the “blank” series by about pH = 0.20 to 0.30 
and in the “acid” series by approximately pH —0.15; that is, the 
actual baking raises the pH or diminishes the H*+-ion concentration, 
considerably. Again, between 134 and 1014 hours fermentation a 
steady and regular fall in pH (or rise in Ht-jon concentration) of 
the loaf occurred, a fall of 0.31 in the “blank” series and of 0.16 in 
the “‘acid” series ; this smaller fall corrresponds to the fact that the added 
tartaric acid nearly doubled the buffer value (cf. Table IV). The last 
column in Table V and the dotted curve in Figure 4 show the very 
slight but steady and — rise in buffer value as fermentation 


proceeds. 
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The same method of investigation was applied to the straight run 
flour. As with the patent flour the acid dough was tougher than the 
untreated ; in all other respects the two doughs were alike. Both loaf 
volume and loaf quality (in all characters) increased to a maximum 
and then decreased as fermentation proceeded. The best and largest 
loaves from both doughs were produced after 344 hours fermentation 
(including the proving period). These two loaves were of excellent 
quality in all respects; they were virtually duplicates and so much 
alike that an experienced baker would have difficulty in distinguishing 
them, the only obvious difference being one of flavor (taste). The 
loaves produced at 2% and 4 hours fermentation were quite good and 
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much alike, but distinctly inferior to the 3144-hour loaves. With this 
flour the added tartaric acid, although it lowered the pH of the best 
loaf from 6.07 to 5.20, i.e., by 0.87 (as against 0.71 with the patent 
flour), had no effect on fermentation time; from a baking point of view 
the two series of loaves were essentially duplicates. 

The pH and buffer values of the straight run doughs and loaves 
are given in Table VI and Figures 3 and 4. Single pH determina- 
tions were carried out on the doughs; these were a little irregular, but 
show on the whole a small decrease with increase in fermentation time. 
The pH of the loaves in the untreated series showed a steady de- 

crease as fermentation proceeded; in the “acid” series the pH de- 
creased from 5.31 at 134 hours to 5.10 at 6% hours fermentation, after 
_which it remained unchanged at 5.10 within 0.01, a very small 
quantity and undoubtedly within the experimental error of the method 
of work. In the “blank” series the pH dropped during the whole 
fermentation period about 0.45, compared with 0.20 for the “acid” 
series; this difference, as with the patent flour series, is connected 
with the increased buffer value due to the added tartaric acid. 


TABLE VI 


EFFECTS OF ORIGINAL Ht-ION CONCENTRATION AND LENGTH OF FERMENTATION ON THE FINAL pH 
AND BUFFER VALUE OF STRAIGHT RUN FLOUR DOUGHS AND LOAVES 


No tartaric acid added 6 oz. per sack of tartaric acid added 
Time from 
making pH Buffer value pH Buffer value 

dough of dough of loaf of loaf — of dough of loaf — of loaf 

hr. 
134 6.12 0.84 5.11 0.66 
2% 5.64 6.01 .76 5.31 5.26 .60 
3% 5.59 6.07: 83 5.05 5.20 60 
4 §.37 5.99 .80 5.16 5.18 .59 
4% 5.92 .75 5.02 5.16 .55 
614 5.50 5.86 .76 4.98 5.01 .54 
7 5.47 5.82, Be 4.99 5.10 .50 
734 5.61 5.82 .74 5.05 5.2% 
8l6 5.54 $.77 .69 5.07 5.09 .53 
9% 5.50 5.79 .68 5.09 5.11 .55 
10 5.45 .69 4.93 
1034 5.49 §$.73 .64 4.99 5.10 
11% 5.48 5.69 .64 5.06 .53 
12% 5.42 5.70 64 4.92 5.10 .52 


An attempt was made to ascertain to what extent the increased 
buffer value was directly due to the presence of the tartaric acid, or 
whether it was due to increased soluble phosphate content brought 
into solution by the added acid. Loaves Nos. 1, 4, 8, 12, and 16 of the 
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“blank” series and loaves Nos. 1, 5, 9, 13, and 16 of the “acid” series 
were analyzed for soluble phosphate. The results are given in Table 
VII and indicate that the increased buffer value due to added tartaric 
acid is at any rate partly attributable to the additional soluble phosphate 
_ brought into solution by the tartaric acid. 


TABLE VII 


BUFFER VALUES AND SOLUBLE PHOSPHATE CONTENTS OF LOAVES AS AFFECTED BY PRESENCE OF 
TARTARIC ACID 


(6 oz. per Sack) 
Buffer values Soluble phosphate (P2Os) content 
Loaf No. 
in series No added acid -++added acid No added acid +added acid 
2 per cent per cent 
| 0.84 0.66 0.068 0.091 
5 .093 
8 73 .079 
9 .54 .089 
16 0.63 0.52 0.087 0.091 
6-2) 
6 o} 
S-oF 
5 
| 
A. Control toaves. 
5-0} B. Acid loaves. 
Best loaves. 
4-8 


Fermentation tame (hours) 


Fig. 3. Straight Run Flour 


One possible criticism of the results given above is that the range. 
of H+-ion concentration dealt with (— pH = 0.80 to 0.90) is so great 
that the best loaf may have been bracketed by these extreme limits. For 
example, with the straight run flour the best loaf of the “blank” 
series had a pH of 6.07 and that of the “acid” series 5.20. It is pos- 
sible that a better loaf would have been obtained at an intermediate 
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pH of 5.65; that is, loaf quality might be improved between pH 6.07 
and 5.65 and fall off somewhat from 5.65 to 5.20. To meet this objec- 
tion three series of loaves were baked from the straight run flour with 
a fermentation period of 314 hours (including final proof) with vary- 
ing tartaric acid contents of 0, 2, 4, 6, and 8 ounces per sack. In these 
series again the doughs with 6 and 8 ounces per sack were tougher 
and showed slightly better stability than the “blank”; the differences, 
however, though distinct, were not really striking and were barely 
noticeable with the smaller quantities of acid, i.e., less than 6 ounces 
per sack. The pH and buffer values of one series are given in Table 
VIII. The loaves of all three series were closely similar, the only 
noticeable differences being (1) the crumb color of loaf 1 (containing 
no added acid) was not quite so good as that of the acid loaves; and 
(2) the volumes of loaves 4 and 5 were slightly less than those of 
loaves 1 to 3 in the first two series; little difference in volume was ob- 
servable between any of the loaves of the third series. The loaves 
were baked (five at a time) in a 4-loaf electric oven, and under these 
conditions complete identity of volume could hardly be expected. On 
the whole, these experiments confirm the earlier results. 


A _ Strasght Rum Flow , contro! 
*3 4 Be Sharght Roun Flowy acid 
Patent fleur + accd 


Farmant times 


Fig. 4. Change of Buffer Value with Time of Fermentation 
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TABLE VIII 


H~-lon CONCENTRATION AND BUFFER VALUES OF LOAVES BAKED AFTER 34 Hours FERMENIATION 
(2% YEAST, 144% SALT, AT 80° F.) AND CONTAINING VARYING AMOUNTS OF TARTARIC ACID 


Amount tartaric H+-ion concentra- 
No. of loaf acid added, Area of loaf, tion of loaf, Buffer value 
7 per sack cross-section as pH of loaf 
oz. sq. in. 

i 0 30 5.95 0.69 
a: 2 31 5.71 .65 

3 4 29 5.52 .62 

a 6 30 5.33 

5 8 27 5.16 0.54 


Summary and Conclusions 


The conclusions to be drawn from the experiments discussed 
appear to us unmistakable: with the two flours studied, Ht-ion 
concentration was a factor of little importance in bread making 
and contributed little or nothing to loaf quality. Wuth the patent 
flour the fermentation. was slightly hastened by the increased 
H+-ion concentration of the dough, but this effect was not ob- 
served with the straight run flour. The sole unmistakable effects 
that we have noticed as directly due to increased Ht-ion con- 
centration were on dough toughness and on loaf flavor (taste), 
and even these effects were only pronounced with large increases, 
e.g., a fall of 080 in pH. It is very evident that acid substances are 
produced during fermentation; after prolonged fermentation the 
smell of the dough or of the loaf is very “strong” and typically 
“acidic” in character. The observed ill effects on dough and loaf 
quality cannot, however, in the light of the experiments described 
above, be due either directly or indirectly to the small increase in 
H*-ion concentration actually observed. | Many other chemical 
and colloid changes go on in a fermenting dough and all of them 
doubtless contribute something to the final product. Many of 
these changes must be of far greater importance as regards their 
effects on dough and loaf quality than any small change of Ht-ion 
could ever be. — 

These conclusions have been definitely established for two 
flours only. The evidence, however, is so striking that the pre- 
sumption appears not unreasonable that similar results will be 
found with other flours. Whether this assumption is true can be 
determined only by investigation. The point, moreover, is of such 
great interest and importance that the work is being extended to 
cover a wide range of flours and flour blends. 

The results of these further investigations will be presented 
in a later communication. 


LMM 
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FLOUR COLOR TESTS 


D. W. KENT-JONES AND C. W. HERD 
Messrs. Woodlands, Ltd., Charlton Green, Dover, England 
(Received for publication October 1, 1928) 


Introduction 


Kent-Jones and Herd (1927) drew attention to a numerical 
method for recording the color of flour in which two distinct esti- 
mations were made. They employed the usual gasoline method for 
the extraction of the carotin, thereby obtaining a numerical stand- 
ard for the yellowness of the flour. They further employed alka- 
line methyl alcohol with the idea of extracting the coloring matter 
due to the presence of finely ground offal, thereby determining the 
brightness, or grade, of the flour. A consideration of both these 
figures permits not only a visualization of the general color effect 
but the establishment of a useful numerical record. They advo- 
cated the examination of 50 cc. of the extracts obtained in a spe- 
cially devised colorimeter, which was described. This method has 
been criticized by Visser’t Hooft and de Leeuw in a paper read 
before the American Association of Cereal Chemists, at Minne- 
apolis (1928). They made an able criticism of the method and 
pointed out certain errors. In essence their criticism was as fol- 
lows: 
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1. The principle of the Kent-Jones’ colorimeter, which in- 
volves the use of different quantities of a standard solu- 
tion, gives rise to error. This error is said to be due to 
differences in Ht-ion concentration of the matching 
solutions containing the varying amounts of the stand- 
ard coloring solutions and can be largely corrected by 
the employment of buffer solutions instead of distilled 
water. 
2. The extraction with alkaline methyl] alcohol, in order to 
obtain the grade figure, is not complete in the 16 hours 
specified by Kent-Jones and Herd, and as long as 40 
hours is necessary. 
Visser’t Hooft and de Leeuw agreed that the colorimeter used 
by Kent-Jones and Herd was less tiring to the eye than the Du- 
boscq, and also that the alkaline methyl alcohol figure did give an 
indication of the bran content of the flour. | 

In the method advocated by Kent-Jones and Herd (1927), the 
matching of the 50 cc. of extract was done by running into water 
sufficient standard color solution so that the two matched when ex- 
amined in the colorimeter, which had one eye-piece with a split 
field. Visser’t Hooft and de Leeuw showed that values obtained — 
by the Kent-Jones and Herd method were different from those by 
the ordinary method using the Duboscq colorimeter, if both re- 

sults were expressed as the number of cubic centimeters of a 

standard color solution necessary to match one cc. of the extract. 
The strength of potassium chromate solution used in this calcu- 
lation was 0.005 per cent-and the figures obtained by the Kent- 
Jones and Herd method, where a stronger coloring solution was 
used, were reduced to this unit. 
-Experimental—Gasoline Value 

The authors have confirmed, in general, the results obtained 
by Visser’t Hooft and de Leeuw. Table I shows the carotin re- 
sults obtained on a number of flours, as estimated by the number 
of cubic centimeters of 0.005 per cent potassium chromate solu- 
tion necessary to match one cc. of 20 per cent flour extract, the 
estimation being carried out both by the Kent-Jones and Herd 
method and by the use of the Duboscq colorimeter. It will be 
seen, when both are judged by the same standard (columns II and | 

III), that often the Kent-Jones and Herd figures are about twice 

as large as those obtained with the Duboscq colorimeter. Actu- 

ally, the agreement is closer with the less highly colored flours. 
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TABLE I 
COMPARISON OF RESULTS OBTAINED WITH THE KENT-JONES-HERD AND THE 
Dusoscg COLORIMETERS 
I II III 
Sample ce. used in Kent-Jones’ Gasoline value* Gasoline value with 
method with Kent-Jonescolorimeter Duboscq colorimeter 
X1 13.5 2.70 1.15 
C 374 10.0 2.00 1.10 
‘C 375 “oS 1.90 1.05 
X 2 9.0 1.80 1.00 
M 283 8.0 1.60 0.90 
M 282 8.0 1.60 0.85 
X 3 7.3 1.50 0.70 
X 4 7.0 1.40 0.65 
X 5 7.0 1.40 "0.65 
W/w 37 6.5 1.30 0.60 
X 6 $.$ 1.10 0.50 
X 7 4.0 0.80 0.40 
M 279 1.5 0.30 0.25 


solution Tequired to match one ce- of extract, in this case, the Kent Jones Agures divided By 

In an attempt to explain the discrepensits found, Visser’t 
Hooft and de Leeuw diluted certain gasoline extracts in definite 
ratios with gasoline. Actually, they took 10 cc. of a particular 
extract and made this up to 100 cc. with clear gasoline. Similarly, 
25, 50, and 75 cc. of the extract were made up to 100 cc. In this 
way they obtained five solutions in which the coloring matter was 
in the ratio of 10 : 25 : 50:75 : 100. They said: 

“It could therefore be expected that the gasoline valions 
would show the same ratio and that the gasoline value of 
the original liquid could be calculated from the others by 
multiplying by 10, 4, 2, and 4/3.” | 

They took the gasoline values of these extracts in both the 
Kent-Jones and the Duboscq colorimeters. Their results are shown 
in Table II. From this they concluded that the method used in 
the Kent-Jones colorimeter was wrong. 

_ Visser’t- Hooft and de Leeuw repeated this experiment using, 
instead of the color standard suggested by Kent-Jones and Herd, 
a standard suggested by Sprague (1928). This consists of adding 
3.4 cc. of a % per cent aqueous solution of napthol yellow and 0.5 
cc. of a % per cent aqueous solution of orange G crystals to one 
liter of distilled water. The tint of this standard is said to be 
identical with that of pure carotin contained in pure gasoline. The 
standard is equivalent to a carotin solution containing 8.90 mgm. 
When Visser’t Hooft and de Leeuw used this color standard in 
their dilution experiments, the two colorimeters in question were 
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found to agree and they therefore concluded that the error in the 
Kent-Jones and Herd method was due to the inorganic solution — 


employed. 


TABLE II 
COMPARISON OF RESULTS OBTAINED WITH KENI-JONES AND Dusoscqg COLORIMETERS (VIS3&R’ 
HOoFT AND DE Leguw [1928]) 
Inorganic standard solution used, aq s-cobalt-chr te : 
Kent-Jones colorimeter Duboscq colorimeter. | 
Gasoline color Gasoline color 
Gasoline color value, Gasoline color value, 
cc. ueed value original value original 
| extract extract 
Original 
extract 11.9 2.38 2.38 1.31 a 
75 cc. or. 
extr. 
25 cc. gas. 8.2 1.64 2.20 age 0.99 eT 
50 cc. or. 
extr. 
50 cc. gas. 4.8 0.96 i ee 0.65 1.30 
25 cc. or. 
extr. 
75 cc. gas. 2.0 0.40 1.60 0.32 1.28 
10 cc. or. 
extr. 
90 cc. gas. 0.7 0.14 1.40 0.13 1.30 


The color solutions suggested by Kent-Jones and Herd were 
as follows: | 

1. Standard Solution for Alkaline Methyl Alcohol 
Five cc. of 0.5 per cent potassium chromate solution, 
and 2 cc. of 10 per cent anhydrous cobalt nitrate solu- 
tion. This is made up to 100 cc. with distilled water. 

2. Standard Solution for the Carotin Extract 
Ten cc. of 0.5 per cent potassium chromate solution, and 
1.5 cc. of 10 per cent anhydrous cobalt nitrate solution. 
This is made up to 100 cc. with distilled water. 


In view of these criticisms the authors undertook a definite 
investigation into the matter, and repeated, in the first instance, 
the dilution experiment recorded by Visser’t Hooft and de Leeuw. 
Although this was repeated on numerous occasions, not only by 
the authors but by independent and outside operators, they were 
unable to confirm the results obtained by the Dutch investigators. 
Table III shows the results obtained, in the Kent-Jones and the 
Duboscq colorimeters, on three flours—A, B, and C. Column I 
gives the cubic centimeters of color standard recommended by 
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Kent-Jones and Herd required for 50 cc. of the extract; column 
II, the gasoline value of one cc. of the extract, reduced to the basis 


of the standard used in the Duboscq, that is, 0.005 per cent potas- 
sium chromate solution. Column III gives the gasoline value of the 


original extract as calculated from column II by multiplying by 
the ratio of dilution. Columns IV and V correspond to columns 
II and III, but are taken in the Duboscq colorimeter. It will be 
seen that, altho there is disagreement between the figures obtained 
in the Kent-Jones and in the Duboscq colorimeters, both give an 
approximately constant result with the dilution method. 


TABLE III 


COMPARISON OF RESULTS OBTAINED WITH KENT-JONES AND DuBoscqg COLORIMETERS, USING GASOLINE 
SOLUTIONS OF INCREASING DILUTION 


(Original aqueous cobalt-chromate standard) 


Kent-Jones colorimeter Duboscq colorimeter 
I II III V 
Gasoline value Gasoline value 
ce. used Gasoline original Gasoline original 
value extract value extract 
Flour A 
Original 
extract 12.8 ae 2.56 1.45 1.45 
75 cc. orig 
extr. 
25 cc. gas. 8.9 1.78 2.38 1.05 1.40 
50 cc. orig 
entry. 
50 cc. gas. 6.2 1.24 2.48 0.70 1.40 
25 cc. orig 
extr. 
75 cc. gas. a 0.54 2.16 0.35 1.40 
10 cc. orig. 
extr. 
90 cc. gas. 1.0 . 0.20 2.00 0.20 2.00 
Flour B 
Original 
extract 7.4 1.48 1.48 0.87 0.87 
75 cc. orig. 
extr. 
25 cc. gas. 5.8 1.16 1.54 0.65 0.88 
50 cc. orig. . 
extr. 
50 cc. gas. 3.3. 0.70 
25 cc. orig 
extr. 
75 cc. gas. 7 0.34 
10 cc. orig 
extr. 


90 cc. gas. 0.7 0.14 


ee 1.40 0.14 1.40 
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TABLE IlI—Continued 


TABLE III 


COMPARISON OF RESULTS OBTAINED WITH KENT-JONES AND DusBoscq COLORIMETERS, USING 
GASOLINE SOLUTIONS OF INCREASING DILUTION 


(Original aqueous cobalt-chromate standard) 


Kent-Jones colorimeter Duboseq colorimeter 
II IV Vv 
I Gasoline value Gasoline value 
cc. used Gasoline original Gasoline original 
value extract value extract 
Flour C 
Original 
extract 10.5 2.10 2.30. 1.35 
75 cc. orig. 
- 25 cc. gas. 7.7 1.54 2.04 0.90 1.20 
50 cc. orig. 
extr. 
50 cc. gas. 5.1 1.02 (2.04 0.70 1.40 
25 cc. orig. 
extr. 
75 cc. gas. 2.3 0.50 2.00 0.32 1.28 
10 cc. orig. 
extr. 
90 cc. gas. 1.0 0.20 2.00 0.13 1.30 


The authors are totally unable to understand the results ob- 
tained by Visser’t Hooft and de Leeuw. Visser’t Hooft and de 
Leeuw were of the opinion that an explanation of their results 
could be obtained in the varying Ht-ion concentration of the 
standard solutions used for matching, in the Kent-Jones and Herd 
method. They found that the dilution method gave satisfactory 
results and that there was good agreement between the Kent- 
Jones colorimeter and the Duboscq if, instead of making up the 
solution with water (as recommended by Kent-Jones and Herd), 
a buffer solution was employed consisting of 95 parts primary po- 
tassium phosphate solution and 5 parts secondary sodium phos- 
phate solution, both 1/15 molar concentration (Sgrensen). This 
liquid has a pH of 5.6. Table IV shows results obtained by Vis- 
ser't Hooft and de Leeuw using this method. It will be noted 
from this table that these investigators not only found that the 
calculated gasoline value of the original extract kept constant in 
this dilution method, but that there was satisfactory agreement 
between the two colorimeters. | 
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TABLE IV 
COMPARISON OF GASOLINE WITH AND WitHovut Burrer SOLUTION (VISSER'T 
OOFT AND DE LEEUW 1928) 
Kent-Jones colorimeter Duboscq colorimeter 
Water Buffer solution* Water Buffer solution*® 
Gasoline Gasoline Gasoline Gasoline 
Gasoline value Gasoline value Gasoline value Gasoline’ value 
‘value original value original value original value _ original 
extract extract extract extract 
Original = | 
extract .70 4.70 2.60 2.60 2.55 2.55 2.60 2.60 
50 cc. orig. 
extr. 
$0 cc. gas. 2.20 * 4.40 1.40 2.80 1.21 2.42 1.30 2.60 
75 cc. orig. 
extr. 
25 cc. gas. 0.80 3.20 0.72 2.88 0.64 2.56 0.60 2.40 


*Cobalt-chromate buffered at H*-ion of pH=—5.6. . 
The authors repeated this work using a number of gasoline 
The results are given in 
Table V. It will be seen from this table that there is good agree- 
ment between the results obtained by the Kent-Jones colorimeter 
and the Duboscq, but that the agreement with the dilution method 
is not substantially better than that shown in Table III. 


extracts of flours at various dilutions. 


TABLE V 


COMPARISON OF RESULTS WITH KENT-JONES AND COLORIMETERS, USING GASOLINE 


SOLUTIONS OF INCREASING D 


(5.6 pH phosphate buffer solution with esmatnanen ad 


: Kent-Jones colorimeter Duboscq colorimeter 
I II | IV Vv 
Gasoline value Gasoline value 
ce. Gasoline original Gasoline original 
used value extract value extract 


Flour D 


= 
Original 
extract 8.0 1.60 1.60 1.70 1.70 
75 cc. orig. 
extr. 25 cc. gas. 6.5 1.30 1.72 1.35 1.80 
50 cc. orig. 
extr. 50 cc. gas. 4.5 0.90 1.80 0.95 1.90 
25 cc. orig. 
 extr. 75 cc. gas. 0.44 1.76 0.55 2.20 
10 cc. orig. : 
extr. 90 cc. gas. 0.9 0.18 1.80 0.20 2.00 
Original Flour E 
extract 4.8 0.96 0.96 1.00 1.00 
75 cc. orig. 
extr. 25 cc. gas. 3.6 0.72 0.96 0.82 1.09 
50 cc. orig. 
extr. 50 cc. gas. 2.4 0.48 0.96 0.48 0.96 
25 cc. orig. 
extr. 75 cc. 1.15 0.23 0.92 0.30 1.20 
10 cc. orig. | 
extr. 90 cc. gas. 0.45 0.09 0.90 0.15 1.50 
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Visser’t Hooft and de Leeuw, in advancing their enenry of 
H+-ion concentration change said: 

“Kent-Jones’ method uses the standard solution in dif- 
ferent concentrations. In some cases up to 15 cc. of the 
standard solution is diluted with~40 cc. water and in other 
cases only 2 cc. of the standard solution is diluted with the 
same amount of water: * Holger Jgrgensen (1927) has shown 

that the pH of the chromate solutions has a big influence on 
the tint of these solutions. He therefore dilutes his inorganic 
standard solution with strongly buffered solutions, thereby 
_keeping his pH constant and the tint of his solution the 


Same. 


it did not appear to the writers that this was a feasible ex- 


planation and they therefore estimated the Ht-ion concentration 
of water after the varying typical additions of standard solution 
they suggested in 1927. Table VI gives the results obtained, using 
both tap water and distilled water. The determinations of Ht-ion 
concentration were obtained using the quinhydrone electrode and 
the method described by Kent-Jones (1927, pp. 374-377). It will 
be seen from this table that there is no justification for the explana- 
tion suggested by Visser’t Hooft and de Leeuw. | 


TABLE VI 


H+-IoN CONCENTRATION OF KENT-JONES AND HERD’s COBALT-CHROMATE STANDARD SOLUTIONS, 
WHEN DILUTED WITH DIFFERENT QUANTITIES OF WATER : 


Tap water Distilled water 

| pH pH 
Water 7.15 5.68 
1 cc. etandard plus 50 cc. water 243 5.52 
5 cc. standard plus 50 cc. water 7.15 5.60 
10 cc. standard plus 50 cc. water 7.13 5.60 
20 ce. standard plus 50 cc. water — - 6.98 5.64 
$0 cc. standard plus 50 cc. water 6.95 6.00 
Standard solution 7.05 6.08 


In endeavoring to obtain some light on this problem the au-_ 


thors used the Duboscy and the Kent-Jones colorimeters, observ- 
ing the column of liquid at various depths. Table VII shows the 
results obtained on a number of flours using the aqueous cobalt- 
chromate solution as suggested by Kent-Jones and Herd (1927), 
the extracts being exannenes at various depths. Column I shows 
the results obtained :}< Duboscq colorimeter at a depth of 
1 cm. and column II wunvs. when the reading was taken at a depth 
of 5 cm., the necessary ce ‘u.10n being made to reduce the re- 
sults to a proper level snparison. Column III similarly gives 
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the results obtained in the Kent-Jones colvelinees using 20 cc. 
and column IV using 50 cc. It will be seen from this table that 
both colorimeters show a discrepancy with varying depth; depth, 
ur intensity of color, is the controlling factor and not the Ht-ion 
concentration, which is essentially the same in all instances. In 
_the Duboscq method there can obviously be no change in this 
property, the same solution is mereiv being used at different depths. 


TABLE VII 
VARIATION OF GASOLINE VALUE WITH DEPTH OF EXTRACT USING Bors AND BocsQ 
COLORIMETERS 
(Aqueous cobalt-chromate solution) 
Duboscq colorimeter | Kent-Jones colorimet« 
I II Ill 
Sample Gasoline value Gasoline value Gasoline 
(1 cm. depth) (S cm. depth) (20 cc.) (50 cc.) 

101 1.30 1.53 2.25 2.40 
102 1.00 1.20 1.50 1.80 
103 1.00 1.10 1.50 1.80 
104 0.65 0.86 1.10 1.30 
105 0.65 0.88 1.25 1.40 
106 0.60 0.86 1.15 1.40 
107 0.50 0.62 0.90 1.10 
0.40 0.48 0.60 0.80 


Table VIII shows similar results obtained using the buffer 
standard color suggested by Visser’t Hooft and de Leeuw. It 
will be seen from this table that the results are more satisfactory, 
altho, as previously shown in Table VII, this cannot be due to 
variation in Ht-ion concentration. On the whole, the values given 
by the Kent-Jones colorimeter are a little higher than those given | 
by the Duboscq. 


TABLE VIII 
VARIATION OF GASOLINE VALUE WITH Depts oF Extract, USING BOTH THE KENT-JONES AND THE 
Dusoscg COLORIMETERS 
(5.6 pH phosphate buffer with cobalt-chromate) 

Duboscq colorimeter Kent-Jones colorimeter 

I III IV 

‘Sample Gasoline value Gasoline value Gasoline value Gasoline value 

(1 cm. depth) (S cm. depth) (20 cc.) (50 cc.) 
101 1.30 1.36 1.50 1.50 
102 1.10 1.06 1.15 1.10 
103 0.90 0.96 1.15 1.10 
104 0.70 0.75 E 0.85 0.90 
105 0.75 0.80 0.90 0.90 
106 0.65 0.85 0.90 
107 0.55 0.58 + 0.75 0.70 
108 0.40 0.45 0.50 0.50 
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Work was continued on this problem using both colorimeters, 
and when potassium chromate alone was used there was consider- 
able difficulty in matching colors. The flour extracts have a de- 
cided red tint. This red tint could be imparted to the standard 
solution in various ways, for instance, by the use of cobalt nitrate, 
as originally suggested by Kent-Jones and Herd (1927), or by the 
use of an acid solution which resulted in the partial formation of 
red bi-chromate ions. Work along these lines showed some very 
interesting results. If cobalt nitrate be excluded and the red 
tint purely obtained by an acid chromate solution, excellent re- 
_ sults could be obtained in both colorimeters at any depth. Table 
IX shows results obtained using the potassium chromate made 
up with an acid buffer solution, the Ht-ion concentration of 
which is equivalent to pH = 4.4. (50 cc. M/5 potassium hydrogen > 
phthalate + 7.50 cc. M/5 sodium hydroxide, diluted to 200 cc. ac- 
cording to Clark and Lubs). This standard gives just about the 
right color for comparison. It will be observed that no cobalt is 
present. 


TABLE IX 


OF VALUE DeptH or Extract, Usinc BotH THE KENT-JONES AND THE 
DvuBoscQ COLORIMETERS 


(Buffer solution of pH =4.4 without cobalt) 


Duboscq colorimeter Kent-Jones colorimeter 
I II III IV 
Sample Gasoline value Gasoline value Gasoline value Gasoline value 
(lcm. depth) (5 cm. depth) (20 cc.) (SO cc.) 

K/k 30 1.65 1.66 1.80 1.70 

K/k 31 1.50 1.50 1.60 1.60 
P/p1 1.50 1.50 | 1.55 1.50 
P/p2 1.05 ae 1.10 1.10 


When the phosphate buffer solution (pH — 5.6) is added to the 
Kent-Jones and Herd original coloring solution containing cobalt, 
a precipitate of cobalt phosphate may be formed, as will be seen 
later. On the other hand, the acid solution will certainly contain 
some bi-chromate ions in addition to the cobalt-ones. This may 
be one of the reasons for the usefulness of the phosphate buffer 
solution in this case. Further interesting results were obtained 
in comparing the same standards at different depths. For instance, 
the cobalt-chromate standard in water was used in the Duboscq 
colorimeter. Five cc. of this solution (that is, 10 cc. of 0.5 per cent 
chromate solution and 1.5 cc. of 10 per cent cobalt solution made 
up to 100 cc.) was diluted to 10 cc. and used in one limb of the 
Duboscq. The other limb contained the undiluted standard. The 
half-strength solution was set at 1, 2, and 5 cm. depths. For 
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matching, one would naturally expect that the full standard would 
be at exactly half the depth. In this case the readings were found 
to be correct in the first two instances, namely, 0.5 and 1.01 cm. 
In the case where the diluted standard was set at 5 cm., a figure 
of 2.30 cm. was obtained instead of the expected 2.50 cm. Similar 
experiments were carried out using the buffered cobalt-chromate 
solution as suggested by Visser’t Hooft and de Leeuw and also 
using the solution with pH = 4.4, which contains no cobalt. Tur- 
bidity is not invariably caused by the addition of the pH — 5.6 
phosphate buffer, as advised by Visser’t Hooft and de Leeuw, to 
the aqueous cobalt-chromate solution. The formation of the pre- 
 cipitate seems to depend upon the speed with which the buffer 
- solution is added. Turbidity is usually obtained by adding to the 
10 cc. of 0.5 per cent potassium chromate with 1.5 cc. cobalt ni- 
trate solution a few cc. of phosphate buffer and thoroughly mixing 
—the dilution to 100 cc. being made by further small additions. 
If the buffer solution be added in bulk quickly up to the 100-cc. 
mark, and the mixing then effected, the mixture remains prac- 
tically clear. These two standards give different results in the 
_ two arms of the Duboscq apparatus using the half dilution method. 
These results are shown in Table X. It will be observed from 
this table that there is a considerable deviation from the expected 
result in the case of the buffered cobalt-chromate solution when 
turbid, but excellent results are obtained when clear and also with 
the pH — 4.4 buffer without cobalt. 


TABLE X 
COMPARISON OF DIFFERENT CONCENTRATIONS OF THE SAME TINTED So_uTions, USING THE DusBoscq 
COLORIMETER 
Depth of unit strength solution 
I II III 
Depth of 0.5 Aqueous Buffered chrcmate Buffered Aqueous Buffered 
strength It- solution solution cobalt- cobalt- 
solution chromate pH=5.6 no cobalt chromate chromate 
_ solution Turbid Clear pH=4.4 +bi-chromate sol. pH=6.4 
1.0 0.50 0.45 0.50 0.48 0.50 0.50 
2.0 1.01 0.90 1.00 0.99 1.00 . 1.00 
| ae 2.30 2.05 2.45 2.45 2.42 2.25 


This seems to indicate that with varying depth and intensity 
some absorption effect is manifesting itself. Apparently more 
than one factor cause unexpected results in this experiment. In 
the case of the turbid buffered cobalt-chromate solution, these de- 
viations appear to be due to the presence of the fine precipitate. 
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With the aqueous cobalt-chromate solution (no buffer present) 
which is quite clear, the deviation may be due to variations in 
absorption of red and yellow light at various depths and intensi- 
ties. This would point to the red cobalt ion being responsible for 
the errors observed. As will be seen from Table X, column III, 
no deviation occurs with the 4.4 pH buffer (no cobalt present). 
The red tint here is due to the formation of the bi-chromate ion. 
It might reasonably be expected that the presence of the red bi- 
chromate ion would not have the same effect as the red cobalt 
ion. There would probably not be so marked a difference in the 
absorption of two closely related ions such as chromate and bi- 
chromate as in the case of a chromate and a cobalt ion. It would 
be difficult to prove this point without an elaborate research into 
the absorption effects of various ions in mixtures, but on general 
grounds it is not surprising that the pH — 4.4 buffered solution 
gives more reliable results than the aqueous cobalt-chromate solu- 
tion. There is no doubt, also, that when no red tint is present 
there is a tendency to use higher quantities of the yellow coloring 
matter. It will be seen that with both the Duboscq and the Kent- 
Jones colorimeters complete agreement is obtained with the 
pH = 4.4 buffered chromate solution and that differences of depth 
and concentration do not interfere. It is, therefore, suggested 
that the theory propounded by Visser’t Hooft and de Leeuw— 
that the error is caused by a variation in the Ht-ion concentra- 
tion of the standard solution due to varying amounts of the stand- 
ard color being used—is wrong, and that the trouble is possibly 
mainly one of variation in red and yellow absorption. That is, 
a mixture of chromate and cobalt probably causes varying absorp- 
tion depending on the depth of liquid under examination. If the 
tint of the solution being used for the comparison is not the same, 
errors occur in matching, the greater the depth, the greater the error. 
If the phosphate buffered cobalt-chromate standard becomes 
cloudy, an additional factor is introduced. If it remains clear, it 
seems probable that the presence of the red bi-chromate ion largely 
eliminates the error caused by the red cobalt ion. This is indi- 
cated in Table X, column IV, where it is seen that the addition 
of bi-chromate ions to an aqueous cobalt-chromate solution which 
gives incorrect results with the half dilution method, reduces the 
error appreciably. It will also be seen from column V that if a 
buffer solution of lower acidity (pH =6.4) is used, bi-chromate 
ions are apparently not produced in sufficient quantity and the 
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error persists. In order, therefore, to obtain strictly concordant 
results between the use of the Kent-Jones and the Duboscq color- 
imeters, it is best to use the chromate solution of pH = 4.4 with- 
out cobalt. Figure ‘1 shows how results obtained in the Kent- 
Jones colorimeter, using the original aqueous solution of cobalt- 
chromate suggested, may be corrected for the chromate solution of 
pH 4.4, if this is desired. 

At first sight it may seem surprising that the dilution experi- 
ments given in Tables III and V give the results they do. Dilu-— 
tion, in this instance, does not cause unexpected results. It should 
be remembered, however, that the ratios of red and yellow are 
fixed. This is not the same as the examination of different flour 
extracts, intensities of which probably vary in unknown rates of 
red and yellow. 


CC Agueous So/ution 


40 
CO Buffer Soluti 


Fig. 1. Conversion of the Readings Using Aqueous Cobalt- — 
Chromate Solution to Those Using 4.4 pH Buffer Solution — 

The practical result of applying this correction is to. compress 
the scale. The numerical method suggested by Kent-Jones and 
Herd for recording the yellowness of flour was brought out as a 
practical guide for millers. The extended scale, using the original 
solutions, is therefore of distinct value. Altho the use of the 
Duboscq colorimeter gives a more accurate estimation of the con- 
tent of carotin, from the point of view of distinguishing bleached 
and unbleached flours, the extended scale given by the aqueous 
solution of cobalt-chromate in the Kent-Jones colorimeter is pre- 
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ferred. For the purpose of comparison, Figure 1 enables the nec- 
essary correction to be easily applied. A typical figure, using the 
Kent-Jones and Herd scale, for unbleached flour is 13.5 and for a 
bleached flour about 6.0. This would correspond on the corrected 
scale to approximately 8.5 and 4.0. For the guidance of millers 
this is a restricted range. 
Grade Determination 

The most important part of the work of Kent-Jones and Herd 
(1927) was the alkaline methyl alcoholic extraction giving infor- 
mation as to the grade, or bran contamination, of the flour. Prob- 
ably partly owing to the lower intensity of color, the agreement 
between the two colorimeters is better in this case. It may also 
be that the color extracted from the flour has a mixture of red 


Grade figure 


C78 


Fig. 2. Effect of Temperature on Methyl 
Alcohol Value (Patent Flour) 


and yellow more in agreement with the standard tinting solution 
recommended, and hence on dilution, etc., errors due to variation 
in absorption are not so pronounced. Visser’t Hooft and de Leeuw 
preferred the standard made up without cobalt but buffered at 
pH =—5.6. This presumably contains some bichromate ions, which 
may contribute a slight red tint to the solution. The authors find 
that this is insufficiently red for use in the Kent-Jones colorimeter, 
but can be used in the Duboscq, owing to the low intensity of 
color in the one centimeter depth of extract. The criticisms of 
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Visser’t Hooft and de Leeuw on this, the most important branch 
of the work, were of less serious consequence. They suggested 
that it was impossible to effect a thoro extraction of the coloring 
matter from the bran in the time given (16 hours), and that in this 
period only part of the coloring matter was extracted; an analysis 
of the figures they give suggests this as approximately 60 per cent. 


Grade figure 


40 45 <4) 


Fig. 3. Effect of Temperature on Methyl 

Alcohol Value (Lower Grade Flour) 
The authors, therefore, repeated the work on a number of flours, 
the times of extraction being 3, 16, and 40 hours. The last period 
was taken, as the Dutch investigators suggest that this is the time 
necessary for complete extraction. When the 3-hour method was 
used the flour was allowed to stand with alkali about half an hour 
and then the methyl alcohol was added. The procedure was then 
carried out as usual. Table XI shows the results obtained, and 
altho there is a slight tendency for the results at 40 hours to be 
higher, it is not of great practical importance. 


TABLE XI 


Errect oy of EXTRACTION UPON THE METHYL ALCOHOL FIGURE 
Results are shown as number of cubic centimeters of 0.005% chromate solution caebes ak 1 cm. 


depth of 
Time of extraction 
Flour 3 hours 16 hours 40 hours 
Straight run 2.00 2.10 2.40 
Patent 1.40 1.40 1.60 
A 211 1.60 1.60 1.60 
A 212 2.40 2.60 2.60 
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Visser’t Hooft and de Leeuw also emphasized the importance 
of temperature with this method of extraction. In flour work 
generally the temperature of extraction is an important matter, 
but as a rule the variation has to be over 10°C. for there to be a 
significant difference. Two flours were, therefore, extracted at 0”, 
10°, 15°, 20°, and 30°C. The results are shown in Table XII and 
graphically in Figures 2 and 3. It will be noticed, however, that 
even the comparatively large range from 10° to 20°C. makes a 
difference of little more than one point on the Kent-Jones and 
Herd scale and is therefore of little significance commercially. 


TABLE XII 
Errect OF TEMPERATURE OF EXTRACTION UPON METHYL ALCOHOL VALUES, EXPRESSED 
AS NUMBER or CuBIC CENTIMETERS OF 0.005% CHROMATE SOLUTION EQUIVALENT 
To ONE cM. Depth of Extract : 


Temperature of extraction 


Flour oc. 10°C. 15°C. 20°C. 30°C. 
A211 (patent) 1.30 1.34 1.40 1.60 2.00 
A 212 (low grade) 2.40 - 2,87 2.54 2.65 3.00 


Fairly wide variations were encountered by various operators 
in using the Duboscq colorimeter. Visser’t Hooft. and de Leeuw 
remarked that the colorimeter designed by Kent-Jones and Herd 
was less tiring to the eye than the Duboscq. The authors have 
found this so to a marked degree and there is no doubt that this 
form of colorimeter gives more coiisistent results with various 
observers. In general, the authors do not consider that the depth 
of one cm. is sufficient for an accurate omparison of color in the 
Duboscq with many of the gasoline aid alkaline methyl alcohol 
extracts of flours. This is well brought out by Tables XIII and 
XIV. In Table XIII are given the re:._ 5 of five independent op- 
erators on the gasoline value of flours «, ng both the Kent-Jones 
and the Duboscq colorimeters, the resuics again being expressed 
-toth on the numerical scale suggested by Kent-Jones and Herd 
and as the number of cubic centimeters of standard aqueous cobalt- 
chromate solution per one cc. of extrac:. It should be remem- 
bered that in this case the difficulty of comparison is aggravated ; 
besides the fact that compound colors of red and yellow are being 
looked at, they are also in different solvents, i.e., water in one case 
and gasoline in the other. 
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TABLE 


READINGS OBTAINED BY DIFFERENT OBSERVERS ON THE SAME FLOUR Extracts, GASOLINE VALUE 
(KeNT-JONES AND Dusoscg COLORIMETERS) 


cc. used in Gasoline value Gasoline value 
Observer Kent-Jones method Kent-Jones colorimeter Duboscq 
colorimeter 
As taken Corrected As taken Corrected 
Flour P 

1 6.5 4.1 1.3 0.82 0.80 

2 6.0 3.75 ‘3 0.75 0.78 

3 6.0 3.75 ) ee 0.75 0.65 

q 6.5 4.1 0.82 0.60 

5 6.0 3.75 1.3 0.75 1.00 

Flour Q | 

1 15.5 9.75 3.1 1.95 1.60 

2 16.0 10.0 3.2 2.00 1.60 

3 15.5 9.75 3:3 1.95 1.45 

4 15.0 9.25 3.0 1.85 1,35 

5 15.0 9.25 3.0 1.85 1.80 

TABLE XIV 
READINGS OBTAINED BY DIFFERENT Cn ON THE SAME FLouR Extracts, METHYL ALCOHOL 
ALUES 
(KENT-JONES AND DusBoscq COLORIMETERS) 
: cc. used in Methyl alcohol values § Methyl alcohol values 
Observer Kent-Jones method Kent-Jones Duboscq 
colorimeter 
Flour P 

i 9.5 1.95 2.70 

2 9.5 1.95 2.80 

3 9.5 1.95 2.00 

4 9.5 1.95 2.40 

5 9.5. 1.95 2.20 

a Flour Q 

1 1.30 1.70 

2 « 1.40 1.80 

3 6.5 1.30 1.30 

4 6.5 .* 1.30 1.20 

5 7.0 1.40 1.60 

astra: 


_.;  Gonclusions 


In view of the criticisms of Visser’t Hooft and. de Leeuw on 
the numerical method for the estimation of the color of flour sug- 
gested by Kent-Jones and Herd (1927), a critical survey was made 
of the method. The initial observation of Visser’t Hooft and dé 
Leeuw that the Kent-Johnes and Herd method gives results not 
in agreement with the Duboscq colorimeter, was confirmed. The 
suggestion of Visser’t Hooft and de Leeuw that this was due to 
a change of Ht-ion concentration of the solution used for com- 
parison owing to the varying amounts of standard solution used, — 
was found to be wrong, and it is suggested that the discrepancy 
may be due to certain absorption effects of red and yellow light. 
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To obviate the possible varying absorption caused by the cobalt- 
chromate mixture, it is suggested that an acid chromate solution 
be used, as apparently the absorption effects of chromate and bi- 
chromate ions are more nearly similar. For practical purposes, 
however, it is suggested that the numerical standard given by 
Kent-Jones and Herd (1927) is more useful. Little confirmation 
could be found of the criticism advanced by Visser’t Hooft and de 
Leeuw concerning the extraction method employed in obtaining 
the alkaline methyl alcohol extracts. Confirmation was obtained 
of the Visser’t Hooft and de Leeuw statement that the colorimeter 
designed by Kent-Jones and Herd is less tiring to the eye than the 
Duboscg and this results in a closer agreement being obtained by 
various observers with this colorimeter than with the Duboscq. 

The authors’ thanks are due to A. J. Amos, who not only 
helped in making many of the determinations reported, but who 
assisted generally with many valuable suggestions. 
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EFFECT OF DRY SKIMMILK ON THE FERMENTATION 
AND HYDROGEN-ION CONCENTRATION OF DOUGHS' | 
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Division of Agricultural Biochemistry, 
University Farm, St. Paul, Minn. 
(Received for publication December 28, 1926) 


It appears to be generally conceded that the inclusion of milk 
solids in bread tends to enhance its nutritive value. As butter is com- 
monly spread on bread served on American tables, the non-fat solids of 
milk, or, in other words, the solids of skimmuilk, advantageously supple- 
ment the other nutrients of ordinary milk-free bread. Natural, or whole, 
milk and fluid skimmilk have been extensively used as part or all of 
the liquid portion of bread doughs in many bakeries. During the last 
- score of years notable advances have been made in the development of 
processes for the manufacture of dry milk, and of dry skimmilk. Cer- 
tain obvious advantages are attached to the use of these dried products 
in comparison with the original material, provided they possess the 
normal properties of the fresh material on reconstituting them with 
water. It was with a view toward determining certain effects resulting 
from superimposing dry skimmilk upon the ordinary milk-free for- 
mula that these studies were undertaken. The properties studied have 
been concerned particularly with colloidal behavior of the dough, 
progress of fermentation, and the bread “score” based upon size, tex- 
ture, flavor, and color, rather than with nutritive values. 

The views entertained prior to 1925 relative to the properties of 
flour and of dough that are reflected in the characteristics of the re- 
sulting bread have been reviewed by Bailey (1925) and need not be 
repeated. Hydrogen-ion concentration, in its relation to colloidal be- 
havior of and enzyme activity in dough has been discussed recently 
from several viewpoints. Bailey and Johnson (1924) took issue with 
the assumption that all doughs should be fermented to the same H-ion 
concentration, and suggested that the sudden acceleration of the dis- 
charge of CO, from dough marks a critical state in the control of the 
fermentation. They described a device for measuring the rate of gas 
- production in and loss of gas from dough. 


1 Published with the approval of the Director as Paper No. 812, Journal Series, Minne- 
sota Agricultural Experiment Station. Condensed from one section of a thesis presented 
by the American Dry Milk Institute Fellow, J. L. St. John, to the faculty of the Graduate 
School of the University of Minnesota in partial fulfillment of the requirements for the 
degree of Doctor of Philosophy. 

The authors are glad to express their thanks to the American Dry Milk Institute for 
the aid extended in supporting the fellowship under which this research was conducted. 
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Emphasis should be laid upon the significance of CO, production 
in or “gassing” of doughs. Wood (1907), Humphries and Simpson 
(1909), and others since that time have called attention to the neces- 
sity of a continued high level of CO, production in dough, to insure the 
production of yeast-leavened bread of good quality. The production of 
CO, is conditioned by the original composition of the dough with its 
fermentable sugars, yeast nutrients, and enzyme accelerants (including 
H-ions), and also by the products of enzyme activity in the dough dur- 
ing fermentation. Prominent among the enzymes that function in the 
latter connection is diastase. 

Phosphates appear to be either essential to, or active in alcoholic 
fermentation. This has been stressed by Harden and Young (1906), 
who proposed equations which involved phosphate as an essential com- 
ponent of the reactions of alcoholic fermentation. Whether or not 
this equation is valid, the fact appears to be abundantly demonstrated — 
that the addition of phosphates to a fermentation medium deficient in 
that constituent will result in an acceleration of the fermentation 
process. 

Phosphates have long been knownto bea characteristic constituent of 
milk. Lenstrup (1926), in the analysis of fifteen samples of normal 
cows’ milk, found 95.4 mgm. of total phosphorus per hundred cubic © 

centimeters of milk. Of this 17.1 mgm. was 

{ | I} acid insoluble phosphorus that was almost 
. entirely casein phosphorus with a trace of 
lipoid phosphorus ; 78.3 mgm. was acid solu- 
_ble phosphorus, of which 67.1 mgm. was in- 
organic and 11.2 mgm. organic phosphorus. 


Experimental 


The first stage of this study involved 
measurements of the relative rate of fer- 
mentation in doughs prepared with and 
without dry skimmilk and fluid skimmilk. 
| The method described by Bailey and John- 
son (1924) for measuring the rate of for- 
mation of gaseous CO, in yeast-leavened 
doughs and loss of CO, from them was 
followed, except for one modification of 
the dough container. An aliquot of the 
Fig. 1. Diagram of Chamber {Freshly mixed dough to be studied was 
and 


in special glass beaker 5x11.5 cm., 
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which was just large enough in diameter to fit comfortably into a 
pint mason jar and tall enough to be flush with the top of the 
jar. This beaker was made from glass tubing having an internal di- 
ameter of 5 cm. The sides of the upper half were perforated with 
twenty-eight holes about 0.5 cm. in diameter. This specially blown 
beaker was found more convenient than the shallow beaker and per- 
forated waxed paper cylinder originally used with this method. A dia- 
gram of the entire device appears in Figure 1. 
The baking formula was as follows: 


Grams 
Vente. 10.50. 
Wate? a sufficient 


These ingredients were mixed for 4 minutes in a mechanical dough 
mixer. 

An aliquot of the donehi equivalent to 40 grams of flour was used. 

The flour used in these experiments was a standard patent milled 
from hard spring wheat by the Minnesota State Experimental Mill, in 
Minneapolis. The flour (No. 2) contained 13.6% moisture, 0.5% 
ash, and 12.7% protein. The average loaf volume, as determined in the 
regular or control baking tests, was 2200 cc. and the color and texture 
scores were high. 

The dry skimmilk used was from a sample furnished by the 
American Dry Milk Institute; the fluid skimmilk was obtained from 
the University creamery from day to day as needed. 

One series included doughs containing fluid skimmilk equivalent 
to 1/3 of the amount of water which would be used in a non-milk 
dough, together with sufficient water to produce a dough of normal 
consistency. In other doughs in this series no water was used, but all 
the liquid added was skimmilk. The former is referred to as a 1/3 
skimmilk dough and the latter as a full skimmilk dough. 

The second series included sufficient dry skimmilk to give skim- 
milk solids equivalent to the previous sets, thus making a 1/3 and 
a full skimmilk dough, or in terms of percentage of dry skimmilk, they 
contained about 2% and 6%, respectively, of this ingredient superim- 
posed upon the regular formula. The dry skimmilk was “reconstituted” 
before adding it to the dough by allowing it to stand for one hour, 
with frequent shaking, with distilled water. 

Figure 2 records graphically the results of observations of control 
or milk-free doughs and doughs in which fluid skimmilk replaced the 
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water used in the control doughs. Results obtained with 1/3 and 2/3 
fluid skimmilk were practically identical with those recorded in this 
figure. It appears from the graphs that fluid skimmilk had compara- 
tively little effect upon the fermentation. For about 170 minutes the 
total volume of gas evolved (curves A) was about the same for both 
doughs. After this the volume of gas produced by the milk dough 
was slightly in excess of that produced by the control. Since the dough 
expansion (curves B) was very nearly the same for the control and 
the milk doughs, it follows that the loss of carbon dioxide from the 
two was practically the same up to 170 minutes, after which the loss 
from the doughs 
containing milk 
was slightly great- 
3 er (curves C). Af- 
ter 220 minutes 
the volume of car- 
bon dioxide lost 
exceeded the vol- 
7 | ume expansion of 
| the dough. 
In the obser- 
2 7 vations on doughs 
22 4 C prepared with dry 
skimmilk recorded 
180 a in Figures 3 and 4, 
Vi it appears again 
| ae that the expansion 
was practically the 
same for both the 
milk and the control 
doughs. We find, 
however, that the 
| f total volume of gas 
‘ad produced was 
| Ae greatest in the 
O 20 40 6 80 HO 12 140 160 18 200 2720 240 doughs containing 
IN MINUTES milk. As the gas 


Fig. 2. Effect of’ Fluid Skimmilk on Total Gas Production in 
the Fermenting Dough (Cvrves A), Volume of Dough (Curves retention (cur Mies . 
B), and Loss of CO. from Dough (Curves 3) Be Sor alt the 
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doughs is practically the same, it follows that the larger amount of ad- 
ditional gas produced by the doughs prepared with milk is lost from 
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62 80 /00 /20 /40 160 180 20 220 2440 
TIME /N MINUTES 

Effect of Dry Skimmilk Equivalent to One-third Skim- 

milk on Total Gas Production in the Fermenting Dough (Curves 

A), Volume of Dough (Curves B), and Loss of CO, from 

Dough (Curves C) 


the dough. 

With this se- 
ries of doughs the 
total amount of 
‘carbon dioxide lost 
from the milk-free 
dough averaged 
about 210 cc., or 
0.412 grams, in. the 
240-minute period. 
This weight of car- 
bon dioxide plus an 
equivalent weight 
of alcohol would 
give a total loss of 
0.84 gram from 
40 grams of flour, 
or a fermentation 
loss of 2.1%. This 
agrees very closely 
with Snyder’s re- 
sults (1903). The 
average loss from 
the dry skimmilk 
dough was 288 cc., 
or 0.566 grams, and 
with the equivalent 
of alcohol the to- 
tal loss was 2.9%. 


The = reasons 
for the effect of 
the dry skimmilk 
in increasing the 
rate of fermenta- 
tion are not clear 
from the data pre- 
sented here. Sev- 


eral possible hypotheses may be suggested. Dry skimmilk, on ignition, 
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yields about 8% of ash rich in phosphorus compounds and its addition 
T . to dough would in- 


crease the amount 
and of phosphorus: 
-| in the dough. In 
view of the work 
of Swanson, Wil- 
| lard, and Fitz 
(1915), and Hard- 
en (1923), it is 
SA increased rate of 
/ 
| 
| 


| 


TREATED fermentation noted 
: in the doughs to 
which dry skimmilk 

i. was added was in- 
fluenced, in part at 

least, by the addi- 
tion of phosphates 
carried by the milk. 
The effect in this 
case did not seem 
to be on the length 
40 Hf of the fermentation 
120 vperiod, ss was 
| | noted by Swanson, 
| Willard, and Fitz, 
/ | +sinme the curves 
presented do not in- 

dicate a substantial 

| _ difference in the 
length of fermen- 
02040 6) 8 100 120 140 160 20 22 tation period be- 


TUTE /N PUNUTES 
the Entire Liquid in Fermenting Dough on the Total and the milk 
Gas Production (Curves A), Volume of Dough (Curves B), 
and Loss of CO, from Dough (Curves C) doughs. 


While our results may be in accord with Harden’s observations 
to the extent that there is an increase in the rate of fermentation, they 
do not accord with the quantitative relation between the phosphates 
added in the milk and the amount of carbon dioxide produced which 
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appeared in his work. Thus, the increase in carbon dioxide produc- 
tion was approximately the same whether 2, 4, or 6% of dry skim- 
milk was added. This suggests that the effect of the dry skimmilk in 
increasing the gas production is influenced by factors other than the 
quantity of phosphate added in the dry skimmilk. 


Dry Skimmilk and the H-ion Concentration of Dough 


In the discussion of the influence of H-ion concentration on the 
properties of dough and of bread, the opinion has been expressed that 
the increase in degree of acidity normally occurring in fermentation is 
advantageous in the aggregate. Grewe and Bailey (1927) pointed out 
that there is no evidence of an improvement of the physical properties 
of dough with this increase in acidity. They observed, as did Rumsey 
(1922), that the activity of flour diastase increased with the increase in 
acidity, and it is possible that the activity of the yeast enzymes may be 
coincidentally accelerated. (See Euler and Emberg, 1919.) Such 
advantages as accrue from the increased acidity in fermentation of 
doughs are probably the consequence of accelerated fermentation rate, 
rather than the modification of gluten properties. In a dough in which 
the enzyme activities are maintained at or above the normal level, su- 
perior bread may result from the baking of doughs which are less 


acid than the normal. This was demonstrated by Grewe and 
Bailey (1927). | 


TABLE I 


HyYDROGEN-ION CONCENTRATION OF FERMENTING DoUGHS CONTAINING VARYING PROPORTIONS 
or Dry SKIMMILK 


Dry skimmilk per H-ion concentration of dough, as pH 


When After After After After Bread 
mixed 1 hour 2hours 38 hours 4 hours pH 
grams Flour No. 3*, Dry Skimmilk No. 1 
0 5.55 5.47 5.41 5.32 5.28 5.56 
2 5.77 5.66 5.60. 5.54 5.47 5.67 
4 5.88 5.80 5.76 5.68 5.60 aes 
6 6.01 5.87 5.83 5.77 5.77 5.83 
Flour No. 3*, Dry Skimmilk No. 2 Be | 
0 5.53 5.38 5.28 5.19 5.16 5.49 
2 5.70 —s« EBB 5.50 5.89 5.84 
4 5.78 5.70 5.61 5.60 5.51 owas 
6 5.87 5.75 5.71 5.68 5.65 5.88 
Flour No. 1t, Dry Skimmilk No. 1 | 
5.54 5.38 5.28 5.25 5.18 5.48 
2 5.71 5.55 5.49 5.48 
4 5.82 5.72 5.68 5.60 3 5.56 eka 
6 7 5.89 5.77 5.78 5.70 5.68 5.84 
Compositon of Mosture, %, Crude protein, % Ash, % 
(N x 5.7) 
*Flour No. 3 13.80 : 11.6 0.43 


tFlour No. 1 12.95 12.1 0.49 


* 
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A series of doughs containing from 0 to 6 grams of dry skimmilk 
per 100 grams of flour were mixed and fermented at 28° C. The. 
H-ion concentration of these doughs was determined at hourly inter- 
vals. Two lots of flour were used, one with a spray-process dry skim- 
milk, designated as No. 1, and the other with two brands of spray- 
process dry skimmilk, Nos. 1 and 2. The —_— data are recorded 
in Table I in terms of pH. 

It is evident that the dry skimmilk buffers the dough appreciably 
and in approximate proportion to the quantity present. No difference 
between the two brands could be detected. The buffering effect regis- 
ters on the freshly mixed dough, and in two of the three series, in 
terms of a reduced rate of change in pH during fermentation. The 
baked bread containing dry skimmilk was ce lower in degree of 
acidity than the controls. 

Rice and Markley (1924) demonstrated the buffer action of milk 
and attributed this property to the phosphates and the casein. Further 
evidence of this buffering action resulted from a simple experiment. 
When 30 grams of patent flour was suspended in 70 cc. of water the 
H-ion concentration was equivalent to pH —5.95. Then the same 
weight of flour plus 6% of its weight (1.8 grams) of dry skimmilk 
was suspended in an equivalent quantity of water, and the H-ion con- 
centration was then equal to pH = 6.30. | 

In spite of the fact that the doughs containing dry skimmilk are 
less acid than the controls at the end of 4 hours, the fermentation rate 
is ata higher level. This appears to be contrary to our assumption 
that increasing acidity, other things being equal, would tend to acceler- 
ate fermentation. There must be some compensating factor, or prop- 
erty of the milk, that offsets the effect of the lower acidity in main- 
taining a higher fermentation rate. With fermentation at or above the 
normal, or control, it is conceivable that the buffer effect is advan- 
tageous rather than otherwise, as the physical properties of the dough 
are modified or disturbed less in the presence of the buffers. This, 
in fact, may explain the greater “stability” that has been ascribed to 
doughs containing dry skimmilk, since stability implies that the system 
is in a less critical state, so far as the changes with the lapse of time are 


concerned. 
Summary 


Production of total gaseous carbon dioxide in yeast-leavened 
doughs was increased when dry skimmilk was superimposed upon the 
control formula. In this particular, its effect was greater than that 
of the fluid skimmilk with which it was compared. 
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Loss of gaseous carbon dioxide from such doughs was increased 
somewhat when dry skimmilk was included in the formula. 

Rate of increase in the volume or displacement of yeast-leavened 
doughs was practically the same, whether or not dry skimmilk was 
included in the formula. : 

Buffer action of dry skimmilk was appreciable, as shown both by 
the initial H-ion concentration of the freshly mixed doughs and by 
the relative rate of change (in pH) of control and milk-containing 
doughs. In view of the observed accelerated fermentation rate in the 
presence of dry skimmilk, it is possible that the greater stability of 
doughs containing this material may be the consequence of the slower 
change in H-ion concentration. 
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A METHOD OF MEASURING COLOR IN BREAD! 


EMILY GREWE | 
Bureau of Dairy Industry, U. S. Department of Agriculture — 


W. K. MarsHALi 
City Baking Company, Baltimore, Maryland 


-C. G. HARREL 
Bakeries Service Corporation, Jamaica, New York 
(Read at the Convention June, 1928) 


In describing any object, definite terms are desirable. This is 
especially true in science. Lord Kelvin is said to have made the 
statement: “When you can measure what you are speaking about 
and express it in numbers, you know something about it; when 
you can not measure it, when you can not express it in numbers, 
your knowledge is of a meager and unsatisfactory kind.” In bread, 
the color of crust and crumb is of interest to the cereal chemist. 
A reddish brown crust and a light creamy crumb are desired by the 
American consumer. A deep brown crust is associated with high 
sugar content and this, in turn, with diastatic activity, which may 
be correlated with flour strength and good loaf volume. Since the 
color of bread is so important, it is desirable to know how to 
measure color in order to describe it definitely. 

There are two general methods of measuring color, one is 
a psychological method by which color is measured directly as it 
is seen by the eye; the other is a physical method by which the 
light waves that cause the color may be measured. 

The generally, used color terms are vague and incongruous. 
Baby-blue, apple-green, heliotrope, burgundy, and the like have 
for years done duty. The terms used for a single hue, such as 
beige, sepia, hazel, leafmold, soapstone, monkey skin, mother goose, 
sphinx, marrow glace, and russet certainly do not convey distinct 
meanings. A system is needed that not only gives a method of 
measurement but also a notation by which colors may be — 
with exactness. 


1 This oe is made possible by the co-operation of the Bureau of Agricultura, 
Economics, U. S. Dept. of Agr., where the method of applying the Munsell system, in- 
cluding ot ha and apparatus, has been developed by Miss Dorothy Nickerson, color 
technologist, in connection with the research program of oe Division of Cotton Marketing. 
and the standardization work of the Hay, Feed, and Seed Division. 
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The Munsell Color System? 

A. H. Munsell, a portrait painter and teacher, while teaching 
at the Massachusetts Normal School in Boston, developed the 
Munsell color system so that he might more definitely teach the 
principles of color to his classes in color composition. The system 
is described by Cleland (1921) and Nickerson (1928). 

The system is based upon the psychological fact that color 
has three attributes: hue, brilliance, and chroma. Troland (1922), 
chairman of the colorimetry committee of the Optical Society 
of America, defines these three terms as follows: “Hue is 
that attribute of certain colors in respect of which they differ 
characteristically from a gray of the same brilliance and which 
permits them to be classed as reddish, yellowish, greenish, or blu- 
ish.” “Brilliance (or value) is that attribute of any color in re- 
spect of which it may be classed as equivalent to some member 
of a series of grays ranging between black and white.” ‘“Satura- 
tion (or chroma) is that attribute of all colors possessing a hue, 
which determines their degree of difference from a gray of the same 
brilliance.” 

To illustrate the relation of the three color attributes a sphere 
or cylinder may be constructed, as illustrated in Figure 1. All 
color steps in any one direction are equal, to the eye, no matter in 
what part of the color solid they appear. _ 

Hue.—The quality by which one color is distinguished from an- 
other, as a red from a yellow or a yellow from a green, is called 
hue. The five principal hues are red, yellow, green, blue, and 
purple; and the five intermediate hues are yellow-red, green-yellow, 
blue-green, purple-blue, and red-purple. These ten are known as the 
standard hues. In Figure 1 the initial letters of the colors are 
used to designate them (as R for red, YR for yellow-red, etc.). The 
standard hues are subdivided into 100 hues, and these may be still 
further subdivided if necessary. The notation follows the decimal 
system. 

Hue may be represented by a letter or a number, or by both. 
Red, for instance, is R, but it may also be 5R. If only a number 
is used for hue it may be designated as follows: YR=15, Y=25, 
GY=—35, etc. The letters help to designate the hue and separate the 


2 The Munsell system is being used in laboratory investigations on soils, cotton, hay, 
soap, fruits, vegetables, and meats. It is also used in the industries in testing paint, paper, 
ink, printing, and textiles. 
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hue notation from the brilliance and chroma, though they may be 
omitted in any formula. 

Brilliance.—The vertical axis of the cylinder consists of 
gradations from white to black through a series of grays, each 
step differing from the next by equal amounts. Absolute black, 
which is unattainable, is given a notation of 0/ and placed at the 
end of the scale; absolute white is given a notation of 10/ and 
placed at the top of the scale. All the grays fall between black and 
white and range from 1/ to 9/; 1/ is what is ordinarily called 
black, and is about the color of black velvet, while 9/ is the white 
ordinarily seen. The brilliance notation may be further subdivided 
by using decimals, giving 100 or even 1000 variations if it should 
be possible to see that many. Brilliance or value is illustrated by 
the upright diagram in Figure l. 

Chroma.—The hues red, yellow, green, blue, and purple are 
placed about the equatorial circumference of the color solid. If 
the chroma scale for any color is filled in toward the central gray 
core at the same brilliance at which it was started, it becomes less 
and less intense until it loses all color and becomes gray. If the 
chroma is extended outward from the gray core of the solid, the 
color becomes stronger until it reaches a maximum. Munsell 
(1905) likens this change in chroma to that of a leaf which, as 
autumn comes, gradually loses its chroma and fades to neutral 
gray. Not all hues have the same maximum chroma of strength. 
The strongest blue-green pigments have a chroma strength of 5, 
the brightest green is 7, the strongest yellow pigment is 9, while the 
red and purple-blue extend out to 10. Compare a strong blue-green 
with a strong red and it is readily seen that the red is twice as 
strong as the blue-green. In order to divide the notation for value 
from the notation for chroma, a line or bar is used as in a fraction 
= of %. Value invariably precedes chroma. 


The idea of psychologically equal and comparable difference fur- 
nishes the basis for an ideal system for classifying and accurately 
recording any color. All systems based on it will be uniform, and 
colors may be specified without any reference to samples that may 
fade, or to formulas in which the value of the constituents may 
alter. 

A color idegtification may be made to any accuracy required. 
For instance, when the color of a deep brown crust is compared 
with the crumb of the same loaf, the relationship for brilliance 
will probably be 6.20/ to 8.20/. The crust is redder in hue than 
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the crumb, perhaps in the ration of 18 to 25; and the crust color is 
considerably stronger in chroma, possibly /5.20 to /3.50. Or an- 
other crumb color may be compared with the one already measured 
which is 25Y 8.20/3.50. If it has somewhat weaker color it steed 
be represented by the value 25Y 8.32/3.22. 


Apparatus 

_ The Munsell apparatus is provided with discs tnade to repre- 
sent the principal and intermediate hues, as red, red-yellow, yellow, 
etc., at each step in brilliance and chroma for the hues that can 
be produced in permanent pigments. Each disc is marked as to 
hue, brilliance, and chroma. The index also provides discs rang- 
ing from black to white. These are designated with ‘he symbols 
1/ to 9/ inclusive. 

The color of an object is measured by spinning two or more 
hue discs and neutral discs on a motor shaft at a speed high 
enough to resolve the colors of the discs into a single color. A 
straight-line opening is made on the discs from the circumference 
to the center (Maxwell discs). When the discs are placed on the 
shaft for spinning, they are overlapped by means of these openings 
so that part of each disc is exposed at the surface. The propor- 
tions of the different colors of the visible sections can be adjusted 
until there is a perfect match between the object under test and 
the rotating discs. | 

Constant lighting conditions are essential to all careful color 
work. The objects under investigation should be placed on a con- 
tainer or rack at definite distances from the observer. The ap- 
paratus should be set up preferably in a north window or under a 
north skylight-at an angle comfortable to view. The observer 
should stand or sit far enough from the discs that a direct line 
from disc to eye will be about four or five feet. In making a com- 
parison of the bread and disc colors it is essential that an equal 
area of each be exposed to the eye. Comparisons of unequal color 
areas may often be misleading. 


Recording Data 


A calibrated disc graduated on its perimeter in 100 divisions 
may be used for measuring the amount of space occupied by each 
dist. After the colors are matched the disc is superimposed upon 
the color discs and readings of the exposed areas are taken. The 
sum of the hue disc and the neutral discs should equal 100. 
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The following formulas have been developed for general use 
in calculating hue, brilliance, and chroma: | 


Formulas: Hue: z — 


(A XP,)+2(4,4+P,) 


Brilliance : (AX B?,.2-3----) 


100 
Chroma: 100 
Symbols A=Area P=B X C—Power number 
H—Hue  x==first hue (clockwise) 
C=Chroma x==second hue (clockwise) 
B=—Brilliance 


Notation—HB/C. 
The use of these formulas is illustrated in the experimental 
section. 


Experimental 


Ten samples of flour were used in this investigation. Samples 
3, 6, and 9 were soft wheat flours, the others were hard wheat 
flours. The bread was made according to the formula method 
of procedure described by Blish (1928), which is now under in- 
vestigation by the committee on baking test of the American As- 
sociation of Cereal Chemists. | | 

Crust color.—The crust color was first scored according to the 
judgment of the operator by giving the darkest a score of 1, the next 
darkest a score of 2, and so on with the ten loaves of bread. The 
crusts were then tested by means of the apparatus previously de- 
scribed. The results obtained by these procedures are reported in 
Table I. There is a close agreement on the hue and color as judged 
by the observer and those obtained by means of the apparatus. 

The data on crust color from Sample 1, used to illustrate the 
use of the formulas under the heading “Recording data,” are: 


Notation Per cent area 
15 YR 6/8 | 42 
ao ¥ 7/8 24 
94/ 3.5 


N 5/ 30.5 


: 
: 
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TABLE I 


COMPARISON OF 10 FLOUR SAMPLES AS TO COLOR OF CausT AND DIASTATic ACTIVITY 
Diastatic 
Lab. No. activity Munsell notation 
of flour Crust as maltose Hue Brilliance Chroma BrillianceX 
aample color per 10 gm. chroma 
of flour 
score. mgm. scale of scale of scale of 36 
100* 10T 10} 
9 10 79 21.02 7.31 4.96 36. 26 
3 9 78 20.50 6.95 5.64 34.75 
6 8 58 20.98 8.18 5.64 46.13 
1 7 80 19.00 6.13 5.28 32.36 
7 6 104 18.53 6.01 §.§2 33.17 
+ 5 188 18.12 5.96 5.44 32.42 
5 4 135 ee 5.28 29.99 
2 3 106 18.18 §$.58 4.48 25.00 
& 2 137 5.30 4.40 
10 i 186 16.61 4.91 3.66 17.97 


The score on crust color was made by giving the darkest a score of 1, the next darkest 2, and so on 
to the lightest, which received a score of 10. 
*715=Yellow-red. 25= Yellow. 
Absolute black. 10<Absolute white. 
«Neutral. 10=Maximum. . 


When Sample 1 was used, the data obtained were as follows: 


| 42 X (6X8) | 
Hue=25— (EXBY — 19.6 YR 
+ (24X7?) (.5X9.42) + (30.5%5*) 


100 6.13 


Brilliance 


Brilliance X chroma is the strength or so-called Power number of a 
color. For example, a dark, strong color is not nearly so distinct to the 
eye as a light color of equal strength. The light, strong color can be 
seen at a greater distance and will stand out more clearly. .A dark, 
strong red, R4/10, has a power number of 40, while a light, strong 
yellow, Y 8/9, has a power number of 72. It is a combination of bril- 
liance and chroma which makes a color stand out to the eye. Value 
X chroma is also recorded in Table I. 

Part of the color of the crust is due to caramelization of the sugar 
that is produced by diastase. Rumsey (1922) suggested a method 
for the estimation of diastatic activity that was used in the examination 
of these flour samples. By applying the Rumsey method, 10 grams of 
flour in water was digested for 1 hour at 27°C. Diastatic activity was 
inhibited at the end of the hour by acidulation, and the digestion mix- 
ture was defecated and clarified with sodium tungstate solution. Re- 
ducing sugars in an aliquot were determined by the Quisumbing- 
Thomas method and computed as equivalents maltose in milligrams per 
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we 


10 grams of flour. The results obtained by this. procedure are also 
shown in Table I. In general, the flours having the highest diastatic 
activity have the lowest hue and chroma. 

Crumb Color.—Crumb color determinations were made ac- 
cording to the observations of the operator and also by the apparatus 
under investigation. These determinations are recorded in Table II. 
There was a very close agreement on the chroma as judged by observa- 
tions and by means of the apparatus. Two readings were taken, one 
with the lower part of the loaf lying next to the rotating discs, the 
other with the top of the loaf lying next to the rotating color discs. 
The difference between the two readings is the result of reflection 
caused by grain. This suggests the possibility of using this or some 
similar means of obtaining a quantitative measurement of grain. 


TABLE II 
COMPARISON OF 10 FLOUR SAMPLES AS TO COLOR OF CRUMB 
Lab. No. Munsell notation 
of flour Crumb 
sample color Hue Brilliance Chroma 
score* scale of 100T scale of 10f scale of 10§ 
9 WwW 15 8.12 3.15 
15 7.95 3.24 
3 Crt 15 8.03 3.69 
15 7.93 3.92 
6 Crt 15 8.03 3.96 
15 8.02 3.96 
1 Cr- 15 7.77 3.33 
15 7.79 3.56 
7 Y 15 7.87 4.14 
15 7.81 4.23 
4 Yt 15 7.97 4.55 
15 7.87 4.72 
5 Y- 15 8.07 3.96 
15 7.99 4.14 
2 Cr 15 8.19 3.60 
15 7.99 3.87 
8 Cr- 15 7.92 3.435 
15 7.75 $.35 
10 Cr 15 8.19 3.60 
15 8.04 3.69 


*W=White. Cr=Creamy. Y=Yellow. 
15=Yellow-Red. 25=Yellow. 
Absolute black. 10=Absolute white. 
O=Neutral. 10=Maximum. 


The three attributes, hue, brilliance, and chroma, are not all always 
of importance in judging the color of any object. Hue and brilliance are 
the attributes having significance in judging color of crust, while chroma 
is of importance in judging crumb. In judging white grades of Ameri- 
can cotton, hue and brilliance are significant, that is, the creamy, light- 
colored cottons are the better grades, while the gray, darker colored 
cottons are of lower grades. In judging hay, the element of hue is the 
most important, that is, the highest grade is the greenest hay regardless 
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of whether the hay is light or dark. In tomatoes, the three elements 
seem to change simultaneously, some tomatoes being a dark strong red 
_ with a somewhat red-purple hue, while others are lighter and weaker in 
color and quite yellow in hue. | 

The method and apparatus that are being iia ieek in the Bureau - 
of Agricultural Economics of the United States Department of Agri- 
culture were used in making this study. Because of the necessity of 
using the apparatus in another laboratory, only a few tests were made. 
From these few observations it appears that the apparatus give: 2 ‘0d 
quantitative measurement of both crust and crumb color. The time 
consumed in making the observations is not beyond that which is in 
keeping with the needs of commercial laboratories. 


Summary 


A psychological method devised by A. H. Munsell, by which color 
is measured directly by the eye, is applied to testing the color of bread. 
The three attributes, hue, brilliance, and chroma, are the basis of this 


system. 
The color of an object is measured by spinning two or more discs 


on a motor shaft at a high enough speed to resolve the colors of the 
discs into a single color. When the discs are placed on the shaft they 
are overlapped by means of a slit so that part of each disc is exposed 
at the surface. The proportion of the different colors of the visible 
portion may be adjusted until there is a perfect match between the ob- 


ject under test and the rotating disc. 
Color of crust and crumb of bread may be measured by means of 


this system. 
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A PRACTICAL METHOD OF PHOTOGRAPHING BREAD > 


By W. L. HEALD 
. The Larabee Flour Mills Company Laboratory, Kansas City, Mo. 
| : (Received for publication Dec. 8, 1928) 


For several years, cereal chemists have tried by various means 
to reproduce visual records of loaves of bread, with a result more or 
less satisfactory. Some have tried marking with a pencil around the 
outside of a thin slice of bread. This shows the volume and sym- 
metry of the loaf very well, but nothing of the texture, break, or 
shred. Others have tried to show the texture, using printer’s ink in 
addition to marking the outline by putting on a thin coat of ink with 
brush and then stamping the loaf on paper. More or less trouble has 
been experienced in getting good reproductions, because of the interior 
shrinking and leaving the crust protruding in such a way that it 1s 
difficult to get a good impression of texture. The whole procedure 
is unsatisfactory. | 

-A plate camera has been used with much better results. This 
produces a satisfactory visual record, except that it is impossible to 
reproduce the crumb color. However, the use of a plate camera has 
many disadvantages. When the source of light is sunlight it is im- 
possible to get desirable results on dark days. Another objection is 
the time factor. By using a 6% by 8% plate it is possible to blank 
half of it and take two pictures on the same plate. With this 
arrangement much time is consumed to say nothing of the cost of de- 
veloping and printing. 

A photographic method was sought that would largely eliminate 
these objections. An apparatus designed by R. S. Herman has been 
in daily use here in the laboratory. It has practically overcome the cost 
and time factors, and produces a visual record that is entirely satis- 
factory. The apparatus consists of a Sept camera mounted in a fixed 
position, two 9-inch aluminum reflectors,! which focus the light from 
two 400-watt lamps upon the loaf, giving the same intensity of light 
each day regardless of natural light. (Fig. 1) 

The machine uses 35 millimeter negative films with 250 exposures 
to the roll (17 feet of film) operating on a strong spring, and takes 
_ individual pictures. On the back of the camera an indicator shows 
how much film is yet unexposed. The cost of the roll ready to put 
into the camera is $1.00. The developing and printing cost is $4.20, 
making a total of $5.20, or about 2 cents per print. Having one-day 


1Briggs Photo Supply Co. 
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service on developing and printing, there is little delay in completing 
the record. The time factor here is practically eliminated, as the pic- 
tures are taken as fast as one loaf is removed and another put in its 
place. Five pictures a minute may be taken with ease. If it is de- 


Fig. 1. Outfit for Photographing Bread, Using the Sept Camera 


sirable to have certain pictures developed before the complete roll has 
been used, the magazine gates may be closed and the exposed film 
taken out. By opening the gates again the machine is ready to operate. 

Consecutive numbers are placed on the loaves and numbers cor- 
responding to the photographic numbers are placed on the laboratory 
report containing the analytical and baking data. The finished prints 
are about an inch square and. may be fixed to the laboratory report 
for a permanent record. The small print makes filing easy and does 
away with separate filing. : 


MOTL: PEFLECTOMS 9° OLPTH 
LIGHT FURNISHED BY TT MAZDA PROJECTION LAMPS. 


Covered WITH BLACK FELT 
WORK 18 10 BLACK 


Fig. 2. Arrangement for Making Bread Record Photographs with the ‘‘Sept’’ Camera. 
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~ An enlarger has been used in connection with the camera, and 
exceptional results were obtained. The grain structure and general 
appearance are magnified to about the true size of the loaf. This 
brings out everything except the crumb color. The time required to 
make an enlargement is practically the same as is required to take the 
original picture, and the cost is very little, as the small print may be - 
eliminated and the enlargement made from the negative. 
The following are some of the advantages of this apparatus: 
1. The cost for apparatus is nominal. 
2. The developing and printing cost is small. | 
3. The time factor is almost eliminated in taking the pictures. 
4. The illumination is uniform regardless of natural light. 
5. Because of the size of the pictures they are easily filed. 
6. Enlargements may be made from films at small additional cost. 
7. The film can be developed positive for use in projection lantern. 


Fig. 3. Original Photograph and Enlargement 
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RELATION OF QUANTITY OF SODIUM SULPHATE TO 
TIME OF DIGESTION IN PROTEIN DETERMINATION 


By C. G. HarrEt AND J. H. LANNING 
Bakeries Service Corporation, Jamaica, N. Y. 
(Received for publication October 20, 1928) 


Coleman, Fellows, and Dixon! conclude that heat is the most 
important factor in protein digestion. They state that test results 
will vary with time of digestion and that this period of digestion depends 
upon the intensity of the heat. Their determinations embrace comprehen- 
sive data upon the Kjeldahl, Kansas City Protein Referee Board, and 
Gunning methods. 

The following discussion relates only to the use of the Gunning 
method and its ability to check the, Kjeldahl method. The burners em- 
ployed are of a high heat classification, according to the methods of 
Coleman, Fellows, and Dixon, na‘nely, 180 cc. 

In all determinations, 20 cc. of 1.84 sulphuric acid, 0.15 gram of 
copper wire, and one gram of flour are employed. Table I gives the 
results when 7.5 grams of sodium sulphate i is used with the time of 
digestion as the variable. 


TABLE I 
RESULTS WITH VARYING TIME INTERVALS 
Time of digestion | Protein corrected 
min. % 


*All results calculated to 13.5% moisture. | 
This table is in general agreement with the findings by the investi- 


gators mentioned. 
4Cereal Chem, 2: 182-164. 
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~ The maximum percentage is obtained at the longest periods of di- 
gestion. This maximum, 10.43, is lower than the percentage obtained 
by the official Kjeldahl method, which was 10.54. 

If heat is the most important factor in the protein detcnaiaation, 
it 1s logical to assume that if the initial boiling point of the protein di- 
gestion mixture is raised, a shortening of the digestion period will fol- 
low, if burners of the same heat capacity are used. 

Table II gives the data on the same flour, digesting for 35 min- 
utes and varying the quantity of sodium sulphate. It is evident that 
as the sodium sulphate is increased the percentage protein increases. 


TABLE II 
RESULTS WITH 35-MINUTE DIGESTION AND A VARYING QUANTITY oF SODIUM SULPHATE 
Sodium sulphate Protein corrected 
grams % 


In Figure 1 the results are represented graphically. When incre- 
ments in sodium sulphate are made from 14 grams, the curve becomes 
parallel with the abcissa. The average value of the ordinate between 
14 and 20 grams of sodium sulphate is 10.53, which agrees with 10.54 
found by the official Kjeldahl method. This is the same flour from 
which the data in Table I were obtained. In Table II, when 14 grams 
of sodium sulphate was used with only 35 minutes time, digestion 
was more complete than in Table I, where 7.5 grams of sodium sul- 
phate was employed with the time extended to 130 minutes. 

This comparison reveals the importance of the initial sodium sul- 
phate concentration, which is further emphasized in Table II when 
decrements in sodium sulphate are made, starting with 14 grams. 

Tables III and IV contain the values of the individual determina- 
tions on a cake flour. The data compiled in the other tables are an aver- 
age taken in a similar manner. 
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TABLE III 


INDIVIDUAL RESULTS WITH 50-MINUTE DIGESTION PERIOD AND A VARYING QUANTITY OF 
Sopium SULPHATE 


Determination number 


1 2 3 4 5 6 7 R Average 
Sodium sulphate protein 
grams $ Yo 
8.02 8.02 818 8.06 8.07 8.06. 8.09 8.02 8.065 
9 8.02 8.14 8.14 806 806 802 8.14 8.06 8.080 
11 8.18 8.09 8.09 8.08 808 809 809 8.08 8.097 
20 8.24 8.22 8.18 8.18 8.22 8.22 8.24 8.18 8.210 


Table III gives the data with a 50-minute digestion period. Fig- 
ure 2, Curve A, gives the graphical presentation. Constancy in pro- 


60 
10.50 


fer cenr prorein 
S 


0.1/0 
Grams 


Fig. 1. A 50-Minute Kjeldahl Protein Digestion Curve with Dosage of Na, so, as the 
Variable 


tein percentage is obtained with approximately 15 grams of sodium 
sulphate. It is interesting to note that altho this flour has a protein 
percentage lower than the flour in Table II, it required a greater quan- 
tity of sodium sulphate and a longer time for complete digestion. 

Table IV embodies data on the flour analyzed in Table III, but 
replacing the copper with 0.5 gram of red mercuric oxide. 
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TABLE IV 


INDIVIDUAL RESULTS WITH 50-MINUTE DIGESTION PERIOD AND A VARYING QUANTITY OF 
 Soprum SULPHATB, MERCURIC OXIDE BEING THE CATALYST 


75 


Determination number 


Average 


1 2 3 4 5 8 

Sodium sulphate protein 

grams %o 
0 7.78 7.94 7.86 7.94 7.86 7.80 7.86 7.94 7.872 
1 8.10 8.06 8.02 8.05 8.09 8.03 8.06 8.06 8.058 
2 8.10 8.10 8.18 8.10 8.06 8.30 68.1606 6-2 8.105 
4 8.16 8.17 8.16 8.16 8.14 8.14 8.15 8.19 8.159 
5 8.16 8.17 8.17 8.16 - .8.17 8.18 8.19 8.16 8.170 
6 8.18 8.17 8.15 8.16 8.20 8.15 8.19 8.17 8.171 
q 8.16 8.20 8.18 8.15 8.18 8.20 8.23 8.15 8.181 
8 8.18 8.17 8.18 8.20 8.16 8.17 8.19 8.18 8.179 
9 8.14 8.20 8.18 8.22 8.18 8.19 8.18 8.17 8.176 
10 8.20 8.18 8.22 8.17 8.23 8.20 8.20 8.19 8.198 
11 8.22 8.18 8.21 8.17 8.22 8.22 8.20 8.21 8.203 
12 8.20 8.21 8.17. 8.21 8.17 8.21 8.20 8.20 8.196 
13 8.21 8.20 8.22 8.16 8.20 8.24 8.20 8.20 8.203 
14 8.24 8.20 8.21 8.20 8.21 8.16 8.20 8.19 8.201 
15 8.20 8.21 8.20 8.18 8.11 8.22 8.20 8.21 8.198 
16 8.20 8.19 8.20 8.19 8.20 8.18 8.20 8.23 8.198 
17 8.22 8.20 8.21 8.18 8.20 8.20 8.19 8.22 8.202 


After digestion, the mercury was precipitated with the necessary 
In Figure 2, Curve B, it is observed 
that the curve becomes parallel with the abcissa at approximately 10 
grams. Curve B intersects Curve A at a sodium sulphate concentration 
very close to 15 grams. With less than 15 grams of sodium sulphate, 
Curve A diverges from Curve B. From Curves A and B, the super- — 
iority of mercury as a catalyst and the importance of having a suffi- 
ciently high concentration of sodium sulphate when copper is the cata- 


amount of sodium thiosulphate. 


lyst is verified. 
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Fig. 2. Comparison of Copper ( 


Gralas Na2 SQ, 
A) and Mercury (B) as 
Digestion Period 


Catalysts with a 50-Minute 
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In Table V are the data with a sodium sulphate concentration of 
from 6 to 20 grams, inclusive. In Figure 3, Curves A, B, and C rep- 
resent the data obtained from 35, 50, and 80 minutes digestion periods, 


respectively. 
, 
BP. 
ta 


Fig. 3. Relation Between Naz SO, Dosage, Time of Digestion, and Protein Percentage. 
Curve A, 35 Minutes; Curve B, 50 Minutes; and Curve C, 80 Minutes Digestion. 


Curve A ceases to show successive increases in protein percentage 
with 17 grams of sodium sulphate, Curve B with 14 grams, and Curve 
C with 11 grams. As the digestion period is shortened, the quantity 
of sodium sulphate required to obtain a correct protein determination 
is increased. The official Kjeldahl method gave 8.02% protein on the 
flour reported in Table V. 

Coleman, Fellows, and Dixon conclude that *Covset sulphate as 
a catalytic agent is of little value at low heat intensities,” “heat inten- 
sities” referring to the capacity of the heating source. | 


TABLE V 
RESULTS WITH A Vaneine DIGESTION PERIOD AT DIFFERENT SODIUM SULPHATE 
CONCENTRATION 
Sodium sulphate 35 min. 50 min. 80 min. 
wrams 
6 7.81 7.88 7.91 
7 7.77 7.87 7.95 
8 7.82 7.86 7.96 
9 7.89 7.91 8.00 
10 7.89 7.95 8.01 
11 7.98 7.96 8.02 
12 7.92 8.00 8.02 
13 7.97 8.01 8.02 
14 7.98 8.02 8.03 
15 8.01 8.08 8.02 
16 8.01 8.02 8.03 
17 8.08 8.01 8.00 
18 8.08 8.02 8.02 
19 8.02 8.038 8.04 
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” The data presented in this paper are in accord with the conception 
of the investigators mentioned. The data further point out that with 
the same heat source of high intensity, the success with which copper can 
be used as a catalyst with a given digestion period is dependent upon 
the initial ratio of sodium sulphate to acid. This ratio is continuously 
changing during digestion. The rate at which this occurs depends to 
some extent upon the characteristics of the individual apparatus, as 
refluxing and suction of the vapors, and nature and shape of flame. 

Self? called attention to the point at which ammonia is lost from the 
digestion residue. The hazard of ammonia loss has since been stressed 
by several investigators. In our analysis, as high as 20 grams of so- 
dium sulphate were used without loss. In hundreds of routine analy- 
ses, 15 grams of sodium sulphate and a 55-minute digestion period gave 
results that agreed with the official Kjeldahl method. 

_ The error in the protein determination when insufficient sodium 
sulphate is used is difficult to detect because of its minuteness, and in 
some instances can be ascertained only by conducting several analyses. 
Referring to Table III, it is found that a number of determinations 
employing the same quantity of sodium sulphate, when such a quantity 
is insufficient, do not reveal this fallacy. This often leads the analyst 
to believe the result correct, because of the ‘agreennaes of duplicate 
determinations. 

This article involves no new findings in chemistry. It is a well 
recognized fact that the speed of most organic reactions is hastened 
by positive increments in the temperature of the reacting medium. This 
has partially been applied to protein determinations by specifying the 
heat capacity of the burner. The boiling point of the digestion mix- 
ture has been given little consideration, no doubt because of the dif- 
ficulty of its determination. | | 

The Gunning method, while unofficial, will continue to be used — 
because it is more economical and involves fewer reagents. This paper 
has been prepared with the hope that it may induce chemists who use 
the Gunning method to pay more attention to the quantity of sodium 
sulphate employed. This quantity determines the initial boiling point 
of the digestion mixture. If the characteristics of the digestion appa- 
ratus are unknown, it is suggested that a series of determinations be 
conducted to find conditions that give complete digestion. 


Summary 
1. The weight of sodium sulphate used in the iste deter- 
mination is a vital factor. 


*Pharm. J. 188, pp. 384-385. 
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2. For a given heat source, the time required for complete diges- 
tion can be varied by changing the ratio of sodium sulphate to 
acid. 

3. Low protein determinations can often be explained by failure 
to use sufficient sulphate when digesting with a given heat 
source and time interval. | 

4. Data from a large number of analyses prove the desirability 
of using a larger quantity of sodium sulphate if copper is 
the catalytic agent, than if mercury is used. 


REPORT ON CEREAL PRODUCTS TO THE ASSOCIATION 
OF OFFICIAL AGRICULTURAL CHEMISTS 


By J. A. LECLERC 
_. General Referee, 1928 


Bureau of Chemistry and Soils, U. S. Department of Agriculture, 
Washington, D. C. | 


(Received for Publication December 16, 1928) 


| A review of the work done by the A. O. A. C. on cereal products 
during the past 27 years was made, giving (1) the list of referees and | 
their terms of service; (2) the various methods adopted by the asso- 
ciation either as official or tentative, regarding flour, bread and ali- 
mentary pastes; and (3) a list of methods, much needed, but not yet 
fully considered by the A. O. A. C. 

Suggestions were made to enlarge the scope of the A. O. A. C. 
work to include baked products other than bread. Reports from the 
associate referees were either presented in person or read by the gen- 
eral referee and include the following: 

Sampling of flour, Associate Referee, H. Runkel. 

Glutenin in flour, Associate Referee, M. J. Blish. 

H-ion concentration, Associate Referee, C. H. Bailey. 

Diastatic value of flour, Associate Referee, E. L. Tague. 

Starch in flour, Associate Referee, L. H. Bailey. 

Chlorine in bleached flour, Associate Referee, G. C. Spencer. 

Sampling of bread, Associate Referee, L. H. Bailey. 

_ Moisture in bread, Associate Referee, L. H. Bailey. 

Lipoids and fat in bread, Associate Referee, Samuel Alfend. 

Milk solids in bread, Associate Referee, L. H. Bailey. 

Experimental baking tests, Associate Referee, M. J. Blish. 
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Unsaponifiable matter in fat of flour and alimentary paste, Asso- 
ciate Referee, Samuel Alfend. 

Water soluble protein precipitated by 40 per cent alcohol, in ali- 
mentary paste, Associate Referee, Samuel Alfend. | 

Moisture in alimentary paste, Associate Referee, S. C. Rowe. 

The general referee made numerous recommendations, most of 
which were approved by the committee. These appear below. 

Besides all this, the general referee submitted a list of 59 refer- 
ences dealing with problems of interest to the cereal chemist and 
enumerated 20 patents relating to cereals and cereal products. 


Recommendations of Referee 
Flour 
It is recommended— 


(1) That the tentative method for sampling flour be adopted 
as official (first action). 

Such action on this method was token last year and the com- 
mittee recommends that this method be kept in its present status 
until further work has been done. 

_ Approved. 

(2) That the associate referee continue studies on rapid meth- 
ods of ashing flour, bread and alimentary pastes, giving special at- 
tention to the use of glycerol-alcohol mixture. 

Approved. | 

(3) That the associate referee study the nature of the losses 
occurring when ash is fused. 

Approved. | 

(4) That the F.A.C. method for the determination of un- 
saponifiable matter in fats and oils,? as modified and adopted as 
tentative for flour,? be retained as tentative. 

The committee also recommends further study including col- 
laborative work. 

Approved. 

(5) That the method for the determination of glutenin spect 
fied by the associate referee be adopted as tentative. 

Approved. 

(6) That study on the determination of hydrogen-ion con- 
centration of flour be continued to include a comparison of the use 
of quinhydrone and antimony electrodes. 

Approved. 


cial Agr. Chem., 1926, 9:45: 1927, 10:35. 


1 Assocn. Official 
2Ibid., 1928, 11:37. 
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(7) That the study of methods for the determination and 
evaluation of the diastatic value of flour be continued. 

Approved. 

(8) That further study be conducted on the Seidenberg 
methods’ and modifications thereof for the determination of 
chlorine in bleached flour. | | 

Approved. 

(9) That further aie be made of the tentative method 
(Rask)* for the determination of starch in flour (bread and alimen- 
tary paste) and that the method be compared with the diastase 
method, as modified by Hartmann and — 

Approved. 

(10) That before final action is taken on the recommendation 
considered last year to adopt the factor 5.83 for converting nitro- 
gen into protein in wheat, consideration be given to the advisabil- 
ity of adopting this factor for scientific work only and retaining the 
old factor, 5.7, for all commercial transactions and regulatory work. 

The committee does not favor the adoption of two conversion 
factors and would recommend further consideration of this matter 
before final action is taken upon the recommendation made last 
year for the adoption of the factor 5 83. 

Approved. 

(11) That the official method for the determination of water- 
soluble protein precipitable by 40 per cent alcohol® be dropped and 
the method as modified by the associate referee be made official | 
(first action) and studied further. 

Approved. | 

(12) That the Associate Referee on Bleaching Flour be 
directed to study methods to detect the use of benzoyl peroxide 

Approved. 

(13) That consideration be given i. the appropriate associ- 
ate referee to the study of certain foreign methods of analysis, 
especially those which are used by foreign governments in testing 
flour imported from this country. 

Approved. 


®Ibid., 1925, 8:678. 

* Assocn. Official Agr. Chem., 1928, 11:87. 
Ibid., 1927, 10:108. 

SIbid., 1926, 9:482. 

*Ibid., 1926, 9:40. 
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Baked Cereal Products 

It is reeommended— 

(1) That the referee make further study of the tentative 
method for the sampling of bread’ especial attention being paid 
to different types of bread. 

_ Approved. 

(2) That the tentative method for the determination of total 
solids in an entire loaf of bread*® be made official (first action). 

Approved. | | 

(3) That the official method for the determination of fat (by 
acid hydrolysis) in flour® be adopted as tentative for baked prod- 
ucts and that this method be compared with the present tentative 
method’ for fat in baked cereal products. | 

Approved. 

(4) That further study be made of the methods to determine 
lipoids in baked products. : 

Approved. 

(5) That further work be done toward the development of 
methods for the determination of milk solids in bread. 

Approved. | 

(6) That consideration be given to the development of meth- 
ods for the estimation of rye flour in tye bread. 

Approved. 

(7) That the official method for the determination of chlor- 
ides in the ash of alimentary paste’? be made official for baked 
cereal products (first action). 

Approved. 

(8) That the official methods for moisture determination in 
flour’? be made official for air-dried baked cereal products (first 
action). 

Approved. 

(9) That the official meted for the determination of crude 
fiber in flour'® be made official for air-dried baked cereal products 
(first action). | 

Approved. 


TIbid., 1926, 9:42. 

8 Assocn. Official Agr. Chem., 1926, 9:42. 

®Tbid., 41. 

10 Methods of Analysis, A.O.A.C., 1925, 231. 

11 Methods of Analysis, A.O.A.C., 1925, 232. 
Assocn. Official Agr. Chem., 1927, 10: 34. 

12 Assocn. Official Agr. Chem., 1926, 9:39. 

18 Methods of Analysis, A.O.A. C., 1925, 225. 
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(10) That the official method for the determination of or- 
ganic and ammoniacal nitrogen in alimentary paste’** be made off- | 
cial for air-dried baked cereal products (first action). 

Approved. 

(11) That consideration be given to the study of baked prod- 
ucts other than bread. : 

Approved. 

(12) That the standard experimental baking test proposed by the 
associate referee*® be adopted as tentative and that it be subjected 

to collaborative study. | 

Approved. 

(13) That the associate referee make a recommendation next 
year on the subject of total solids in an entire loaf of bread by the 
130° air oven and other rapid methods. 

Approved. | 
Alimentary Paste 

It is recommended— | 

(1) That the tentative method for collecting and preparing 
a sample of alimentary paste’® for analysis be further studied with 
the view to making it official. : 

Approved. 

(2) That the methods now official for the determination of 
moisture in flour*’ be adopted as official for alimentary paste (first 
action). 

Approved. 

(3) That further collaborative work be done with the tenta- 
tive F.A.C. method for the determination of the unsaponifiable 
matter in the fats of alimentary paste. 

Approved. 

(4). That the tentative method for the determination of water- 
soluble protein nitrogen precipitable by 40 per cent alcohol** be 
dropped and that the modifications proposed by the associate ref- 
eree be made official (first action). | 

“Place 20 grams of Sample B in an 8-ounce nursing bottle, 
add 100 cc. of water from a pipet, shake the bottle vigorously to 
prevent lumping of the sample, and add exactly 100 cc. more of 
water. Shake the stoppered bottle mechanically or by hand for 1 


4 Methods of Analysis, A.O.A.C., 1925, 2382. 
Assocn. Official Agr. Chem., 1926, 9: 39. 
1% Cereal Chem., 1928, 5:158 
16 Assocn. Official cial Agr. Chem., 1926, 9:43. i 
Tbid., 39-40. 
48 Methods of Analysis, A.O.A.C., 1925. 225. 
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hour. The temperature of the water should not exceed 30°C. 

“Centrifugalize to facilitate filtration and filter through a thin 
asbestos pad in a Hirsch funnel, using light suction. Replace the 
asbestos if it clogs. The filtrate should be practically clear. Pipet 
50 cc. of the filtrate into a 200 cc. nursing bottle. Add 0.6 gram 
of sodium chloride and dissolve. Add 0.2 gram of ignited asbestos, 
shake, and with constant agitation add 35 cc. of 95 per cent alcohol. 
Let stand overnight, then centrifugalize to pack the precipitate 
and asbestos. If the liquid is perfectly clear, pour it off and wash 
with two 20 cc. portions of 40 per cent alcohol, in each case shak- 
ing, centrifugalizing and decanting. If the liquid is not free of sus- 
pended matter, filter through a thin asbestos pad (0.1-0.15 gram) 
in a Gooch crucible, using light suction. Filter the subsequent 
washings also. Transfer the precipitate and asbestos from the 
nursing bottle to a Kjeldahl flask with the aid of a stream of water, 
add to it the mat in the Gooch crucible and determine the nitrogen 
by the Kjeldahl-Gunning-Arnold method, using about 40 cc. of 
0.1 N acid to receive the distillate. Make a blank determination on 
the reagents and the asbestos.” 

Approved. | | 

(5) That the official method for the determination of crude 
fiber in flour*® be made official for alimentary paste (first action). 

Approved. 

(6) That the associate referee make a recommendation next 
year on the subject of air-oven methods for the determination of 
total solids. 

Approved. 

(7) That a report on the tentative acid-hydrolysis method 
for fat and the tentative method for lipoids and lipoid phosphoric acid 
(P,O,) in alimentary pastes, recommended as official (first action) 
last year, be made by the referee next year. 


_ 19 Methods of Analysis, A.O.A.C., 1925. 225. 


